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PREFACE 

It  has  now  become  generally  recognised  how  great  is  the  as- 
sistance which  the  detailed  chemical  and  physical  examination 
of  morbid  material  affords  the  physician  or  surgeon  in  arriving 
,at  or  confirming  a  diagnosis.  In  carrying  out  the  research 
recorded  in  this  book,  the  requirements  of  the  clinical  pathologist 
have  therefore  been  steadily  kept  in  view. 

Probably  the  greatest  value  of  future  investigations  into 
the  nature  and  composition  of  puncture-fluids  wiU  be  found 
to  lie  in  the  additional  light  they  may  be  expected  to  throw 
upon  the  subject  of  metabolic  processes  in  diseases.  At  present 
the  available  data  are  so  scanty  that  it  is  impossible  to  treat 
this  subject  in  detail,  but  it  is  hoped  that  the  special  index 
referring  to  the  puncture-fluids  met  with  in  different  morbid 
conditions  may  prove  useful. 

My  grateful  thanks  are  due  to  the  members  of  the  Honorary 
Staff  of  this  Infirmary,  who  have  kindly  permitted  me  to  publish 
the  results  of  my  work  upon  their  cases  ;  to  Dr.  G.  W.  Watson 
and  Mr.  J.  A.  Coupland  for  assistance  in  tracing  the  clinical 
records  of  the  cases  studied  ;  and  to  the  various  members  of 
the  Infirmary  Staff  who  have  preserved  material  for  analysis. 
Lastly  I  must  gratefully  acknowledge  the  debt  I  owe  to  the 
writers  of  the  works  I  have  consulted  during  the  course  of  my 
researches. 

O.  C.  GRUNER. 

Pathological  Laboratory, 
General  Infirmary,  Leeds, 
/ti/y  1908. 
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Contents  :  Objects  of  study-The  caution  necessary  in  interpreting 
results,  owing  to  the  existence  of  important  variables-The  insight 
^  into  metabolic  processes  afforded  by  the  chemistry  of  puncture-fluids 
-The  decomposition  products  of  proteid  may  be  either  initially 
present,  or  artificially  produced  by  analytical  processes-The  ma  I 
7^^^~  Of  exammatio: 

-HE  investigation  of  the  characters  of  puncture -fluids  may  be 
aade  with  two  objects:  first,  to  supply,  if  possible,  the  means 
diagnosis  m  those  cases  where  the  clinician  considers  an 
exploratory  puncture  indicated ;  and,  in  the  second  place,  to  supply 
gap  m  the  knowledge  of  the  chemistry  of  these  fluids.    Ea  h 
f  these  aims  has  been  pursued  m  the  present  work  ;  and  though 
he  e  .s  comparatively  little  to  be  said  about  differential  diagnoses 
hat  has  not  been  said  before,  there,  still  exists  a  need'it 
thought,  for  brmging  together  the  various  diagnostic  pomt 
both  for  reference  and  for  criticism  ' 

d^agnosifclu  f''        """^  ^^^^^  ^^-'^^^-^  of 

diagnosis  call  for  primary  consideration.    As  it  has  been  with 

ytodiagnosis  for  the  past  eight  years,  so  it  has  been  for  a  mu  h 

longer  period  of  time  with  chemical  differential  tests  of "uncT'e 

fluids.    The  clinician  has  had  his  hopes  of  infallible  mean  of 

Both  of  these  adverse  views  need  modification,  for.  in  the 
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first  place,  it  is  unlikely  that  there  will  ever  be  a  distinctive  test 
for  any  given  disease  that  can  be  furnished  by  an  effusion  arising 
during  its  course,  simply  because  it  may  be  stated  as  a  funda- 
mental truth  that  there  is  nothing  fixed  and  immutable  m 
pathology  ;  and,  in  the  second  place,  it  has  to  be  conceded  that 
though  there  are  many  tests  which  are  tedious,  yet  a  rapidly 
performed  test  is  not  likely  to  be  as  reliable  as  a  more  thorough 
one,  because  the  very  thoroughness  will  strike  out  variables  m 
the 'factors  which  contribute  to  the  diagnosis.    It  is  true  that 
a  complicated  procedure  is  impossible  in  the  course  of  practical 
clinical  work,  but,  on  the  other  hand,  it  is  equally  true  that  the 
careful  study  that  can  be  made  m  suitably  equipped  clinical 
laboratories  is  worthy  of  pursuit. 

The  endeavour  to  add  to  the  knowledge  of  the  composition 
and  constitution  of  puncture-fluids  has,  however,  been  the  mam 
obiect  of  the  studies  which  are  recorded  in  the  present  work. 
It  is  however,  readily  seen  that  it  is  impossible  to  carry  out  every 
form  of  analysis  in  a  given  fluid  simultaneously,  so  that  it 
becomes  necessary  to  make  a  selection  of  the  particular  mvesti- 
nations  desired  and  to  confine  oneself  rigidly  to  them  m  a  given 
Lies  of  specimens.    Other  forms  of    --^^^igation   can  be 
arranged  and  carried  out  m  another  series  of  fluids.  This 
has  been  found  the  only  way  to  cope  with  the  subject  m  the 
absence  of  co-workers-the  ideal  method  of  mvestigatmg  this 
subiect  where  autolytic  changes  or  decomposition-phenomena 
reqmi-e  to  be  forestaUed.    It  is  necessary  to  mention  such 
difficulty  m  order  to  make  clear  that  m  no  one  fluid  which  one 
has  examined  have  all  the  aspects  of  its  chemistry  been  gone 
iixto  and  that  to  this  extent  an  absolutely  full  and  just  summing 
up  of  the  properties  of  an  effusion  m  a  given  disease  or  given 
patient  must  fail.    On  the  other  hand,  it  must  be  remembered 
l^for  the  purposes  of  the  clinician  this  line  of  study  is  qui  e 
tvosliUe,  and    moreover,  exploratory  puncture  often  on^ 
aTlows  a  iew  c^ibic  centimetres  of  fluid  to  be  submitted  for 

^T^m^e  found  from  the  subsequent  pages  that  the  attempt 
has  been  made  to  compel  the  physico-chemistry  to  supplemen 
^he  chemistry  of  the  puncture-fluid.    This  has  been  applied  as 
Twell  knowZ  by  several  renowned  scientists,  -  th~ation 
of  blood  and  unne,  but  so  far  as  can  be  made  out,  theie  has  been 
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no  attempt  hitherto  to  apply  the  principle  to  the  study  of  the 
ordinary  puncture-fluids.  It  is  believed,  however,  that  such 
an  apphcation  of  the  newest  lines  of  study— those  of  ionic  con- 
stitution—will afford  an  insight  into  the  metabohc  processes  of 
those  diseases  which  are  associated  with  the  pouring  out  of 
fluid. 

Not  only  this,  but  the  attempt  has  been  made  to  compel 
chemistry  and  physico-chemistry  together  to  afford  an  ex- 
planation of  the  concordance  or  discordance  which  exists  between 
the  diagnosis  hitherto  made  by  their  aid,  and  the  actual  nature 
of  the  disease  ;  this  has,  however,  frequently  led  one  into  the 
subject  of  the  pathology  of  metabolism,  a  subject  which  must 
of  necessity  be  left  in  the  background  in  the  foUowing  pages. 
Still,  It  must  be  reasonable  to  suppose  that  the  study  of  the 
fluids  which  are  poured  out  must  give  great  aid  not  only  to  the 
pathology  of  metabohsm  of  a  given  disease,  but  must  assist  in 
forming  a  diagnosis  of  the  disease.    To  illustrate  this  idea  the 
deviations  from  normal  metabolism  which  obtain  in  disease  of 
the  hver  may  be  referred  to.    They  wfll  depend"  to  a  large  ex- 
tent on  the  nature  of  the  disease  with  which  the  liver  is  affected  ' 
and  more  than  this,  these  changes  will  be  different  according  to 
whether  the  disease  is  primarily  one  of  the  liver,  or  primarflv 
one  of  the  heart.    Each  of  these  is  bound  to  result  in  a  different 
succession  of  changes  from  those  due,  for  instance,  to  renal 
disease,  and  the  chemical  composition  of  the  fluid  poured  out  will 
be  correspondingly  different.    The  excessive  amount  of  chlorides 
present  m  nephritic  effusions  as  compared  with  back-pressure 
effusions  instances  the  correctness  of  this  contention  Then 
again,  the  investigation  of  the  various  decomposition  produces 
of  Proteid  that  occur  m  an  effusion  will  afford  a  not  inconsiderab  e 
hght  on  the  catabohc  changes  met  with  m  the  disease  with  whid 
the  effusion  is  associated. 

To  consider  for  a  moment  another  example  of  this  principle 
The  fluid  m  a  case  of  peritoneal  carcmomatosis  presents  on 
cytological  examination,  desquamated  carcinoma  cells  some  of 
which  are  living  and  some  necrotic.    These  cells  have  a  pecTl led 
orm  of  metabolism,  though  the  only  known  fact  abo" 

^^jTt:  -ture  from  no™ 

proteid.     This  difference  in  constitution  must  involve  a 
Bergen.    See  also  Hoffmann,  Mii.ch.  mod.  Woch..  46,  1907. 
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difference  in  the  products  of  breakdown  of  the  proteid,  though 
exactly  what  the  differences  in  the  two  series  of  cases  (healthy 
metabolism,  and  carcinoma-cell  metabolism)  may  be,  and  where 
they  are  to  be  located  in  the  configuration  of  the  proteid  mole- 
cules, is  quite  unknown  at  the  present  time.    The  presence  of 
both  living  and  dead  cells  too,  not  only  in  the  fluid,  but  all  over 
the  surface  of  the  peritoneum,  means  that  these  metabolic 
products  occur  in  the  fluid  which  they  have  caused  to  appear, 
and  a  chemical  study  of  such  a  fluid  must  afford  an  insight  into 
the  metabolic  changes  of  carcinoma  cell-life.    Not  only  tnis, 
but  there  is  the  question  of  ferment  action  to  be  considered. 
There  are  ferments  in  the  peritoneal  fluid  of  carcmomatosis 
cases,  which  may  be  specific,  and  are  of  importance,  because 
they  have  actuated  this  particular  form  of  metabolism.  We 
must  not  forget  meanwhile  that  the  whole  of  the  serosa  is  not 
one  mass  of  proliferating  carcinoma.    There  are  extensive  areas 
in  which  there  is  no  carcinoma,  and  the  chemical  composition 
will  depend  to  some  extent  on  the  normal  processes  of  h  e  of 
these  ceUs,  and  on  their  permeability-phenomena.    That  is  to 
sav  we  shall  meet  with  the  resultant  of  two  series  of  processes 
-quite  a  different  matter  from  havmg  only  a  single  factor  to  deal 
with    If  reference  be  made  to  the  possibility  of  a  drseased 
Ldition  of  the  hitherto  intact  serosa  "^^^^^  " 
produced  m  the  organism  as  a  whole  (cachexia,  etc.)  we  haU 
at  once  see  clearly  that  there  are  so  many  factors  that  it  would 
be  remarkable  if  111  diagnostic  rules  m  the  case  of  c— a^ou 
puncture-fluids  were  always  infallible.    P-^^P^.^  J  ™ 
Lportant  to  suggest  that  herein  lies  '^^^^'^^^'K^^fj^'^^^ 
ciatmg  the  facts  on  which  one  can  base  a  diagnosis,  for  by  bearing 
Te  variables  m  mind,  one  may  attempt  to  secure  more  accuracy 

in  one's  opinion.  .  .  ,  „th 

These  considerations  liave  been  gone  into  at  such  lengtn 
becau? It  is  felt  that  there  is  an  undue  tendency  to  expect  such 
Lest  gat.on  as  are  recorded  in  the  following  pages  to  enable 
TpSlie  and  certain  dragnosis  to  be  .ade  .  to  the  nat..  an 

„„re  abundant  in  a  certain  percentage  .  °  ,^ 

effusion  than  it  is  in  another  class  of  case.     Even  tnese  n 
trons  do  not  deprive  the  methods  of  all  utility,  for  clm.cal  s^p- 
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toms  often  help,  and  just  as  pros  and  cons  have  to  be  weighed 
in  ordinary  clinical  diagnosis,  so  they  frequently  have  to  be 
weighed  in  clinical  pathological  diagnosis. 

Attention  must  be  directed  also  to  the  errors  that  may  arise 
from  the  difference  in  the  structure  of  various  proteids.  Many 
proteids  contain  the  same  fundamental  substance  as  an  integral 
part  of  their  molecule.    The  following  table,  which  has  been 
abridged  for  the  present  purpose,  from  the  valuable  work  of 
Gustav  Mann  {Chemistry  of  the  Proteids,  1907),  will  illustrate 
what  is  meant.    We  see,  for  instance,  that  glycocoU  forms  a 
part  of  the  molecule  of  serum-albumen,  of  serum-globulin,  of 
hetero-albumose,  and  of  keratin ;  that  tyrosin  occurs  in  serum- 
albumen,  in  protalbumose,  in  Bence-Jones  proteid,  and  in 
keratin  ;  that  tryptophane  is  only  present  in  keratin  (in  this 
table),  and  so  on.    Our  chemical  analysis  may  reveal  the  pre- 
sence of  all  these  bodies,  and  of  course  it  would  only  be  possible 
by  a  careful  separation  of  each  of  these  bodies  to  say  to  which 
the  derivative  is  to  be  ascribed.    If  we  find  tryptophane  or 
tyrosin  in  a  puncture-fluid,  for  example,  we  cannot  be  sure  that 
it  was  there  beforehand,  or  whether  the  analysis  has  resulted 
in  its  being  split  off  from  a  proteid  containing  it. 


Glycocoll 
Alanin 
Leucin 
Phenylalanin 
Prolin  . . 
Glutaminic  acid 
Aspartic  acid 
Cystin 
Serin    . . 
Tjnrosin 
Lysin  . . 
Histidin 
Arginin 
Tryptophane 
Ammonia    . . 

Amino- valerianic 
acid 

Glucosamin 


Serum- 
albumen. 


Serum- 
globulin. 


Hetero- 
albumose. 


Prot- 
albumose. 


Bence- 
Jones 
proteid. 


+ 

3-52 

+ 

0 

+ 

2-22 

-r 

18-7 

+ 

+ 

+ 

3-84 

+ 

0 

+ 

2-76 

+ 

2-20 

2-S4 

1-2 

1-51 

27 

0 

+ 

3-S 

3-5 

2-2 

2-2 

0 

0 

17s 

0-8 

0-8 

0 

0 

o 
+ 


+ 
+ 
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Protamiii 
{SturinJ 


Horn- 
keratin, 


1-2 

18-3 

yo 

3-6 

2-5 

0 

6-8 

570 

0 

4-58 

12 

I  2'9 

58-2 

2*25 

+ 

0 

+ 

57 

0 

The  table  reveals  a  further  fact,  namely,  that  the  amount 
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of  each  derivative  varies  according  to  the  different  proteid. 
Thus,  if  we  find  seven  parts  of  lysin  we  shall  not  know  whether 
this  means  that  it  has  all  been  derived  from  equal  parts  of 
hetero-albumose  or  protalbumose,  or  whether  it  is  a  proportion 
characteristic  of  some  other  proteid  not  included  in  this  table. 
We  might  even  say  that  we  cannot  be  sure  that  the  numbers  in 
this  table  do  really  characterise  the  particular  proteid  under 
which  it  is  placed.    But  assuming  the  table  absolutely  correct, 
and  assuming  that  our  analysis  is  correct,  it  is  evident  that  by 
slightly  altering  the  relative  proportions  between  one  derivative 
and  another  we  shall  really  be  having  a  different  proteid  before 
us.    Such  slight  differences,  which  involve  us  in  endless  per- 
mutations and  combinations,  would  afford  an  explanation  of 
the  biological  distinctions  that  obtain  between  one  proteid  and 
another,  between  fish-albumen,  and  mollusc- albumen  ;   not  to 
mention  the  possibility  that  stereo-isomeric  variations  might 
result  in   still  more  refined    and    none    the   less  absolute 
distinctions. 

To  speak  of  such  possibilities  as  these  is  but  to  touch  on  a 
fringe  of  the  difaculties  that  arise  in  interpretation  of  results 
of  analysis,  and  would  at  first  sight  deter  one  from  ever  attempt- 
ing an  opinion  in  a  case.    Fortunately,  however,  there  remam 
many  tests  of  easy  application  which  will  help  the  clinician  to 
form  his  diagnosis  in  a  case  associated  with  effusion.    Even  m 
spite  of  aU  the  chances  of  error  which  have  been  indicated, 
these  tests  preserve  their  utility,  and  the  fact  that  faHure  may 
sometimes  arise  should  not  be  allowed  to  relegate  them  into 
the  background  ;  and  we  may  hope  that  with  time,  a  better 
knowledge  of  the  details  to  which  reference  has  been  made  will 
explain  the  cause  of  the  failure  of  such  tests  in  some  cases,  and 
enable  a  better  interpretation,  with  more  frequently  successful 

diagnoses,  to  be  made. 

The  statement  may  be  made  that  a  transudate  with  decided 
characters  may  be  certainly  distinguished  from  an  exudate 
possessing  decided  characters.  The  border-line  cases,  or  the 
cases  in  which  inflammation  supervenes  on  transudation,  are 
those  which  are  responsible  for  the  small  utility  which  chemical 
diagnosis  and  cytodiagnosis  have  possessed.  But  if  we  re- 
member that  the  microscope  diagnosis  of  innocent  tumours 
from  malignant  tumours  also  fails  when  we  come  upon  the 
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border-line  cases,  we  shall  see  that  there  is  no  more  justification 
for  condemning  the  one  method  of  study  than  the  other. 

In  pursuit  of  the  study  of  puncture-fluids  it  has  therefore 
been  borne  in  mind  that  we  shaU  learn  far  more  from  the  failures 
in  diagnosis  than  from  a  long  succession  of  successes,  and  the 
endeavour  to  find  an  explanation  for  the  failures  will  lead  us 
deeper  and  deeper  towards  the  solution  of  the  ultimate  problems 
of  metabolism. 

Turning  now  to  the  actual  methods  of  study  which  have  been 
employed  in  the  course  of  this  work,  it  will  be  seen  that  an 
ordinary  chemical  examination  has  been  supplemented  by  a 
physico-chemical  examination  of  the  puncture-fluids,  with  the 
object  of  obtaining  an  analysis  of  the  grouping  of  the  ions  present 
in  any  given  case. 

A  consideration  of  the  details  of  the  ionic  theory  on  which 
so  much  of  biochemical  research  is  based  comes  more  under  the 
domain  of  theoretical  chemistry.*  A  brief  account  of  this 
ionic  theory,  as  well  as  of  the  theories  on  which  cryoscopy  is 
based,  have,  however,  been  included  for  the  sake  of  complete- 
ness ;  but  it  has  been  felt  desirable  that  the  details  of  the  method 
of  performing  both  cryoscopy  and  electro-conductivity  be  omitted. 
The  question  of  the  significance  of  the  concentration  of  the 
hydrogen  ions  as  affording  an  understanding  of  the  meaning  of 
the  term  acid  and  base  has  been  entered  into,  in  order  to  give 
an  explanation  of  much  special  work  that  has  been  performed, 
especially  in  Italy,  and  to  indicate  where  such  conceptions  may 
be  erroneous.  The  fact  that  hydrogen  ions  possess  practically 
the  same  concentration  as  the  hydroxyl  ions  in  puncture-fluids 
does  not  really  alter  the  fact  that  they  have  more  basic  pro- 
perties than  acid,  that,  indeed,  they  are  not  really  functionally 
neutral  fluids. 

The  mention  of  the  term  cryoscopy  inevitably  calls  up 
visions  of  a  vigorous  controversy  between  exponents  of  the 
theory  that  renal  disease  is  diagnosable  by  its  aid  and  the 
opponents  of  the  theory.  The  fact  must  be  admitted  that 
cryoscopy  was  unduly  advocated  for  a  purpose  for  which  it  is  un- 
suitable, since  the  estimation  of  the  working  power  of  the  kidney 
cannot  be  based  solely  on  the  molecular  concentration  of  the 
urme,  because  the  osmotic  work  performed  by  the  kidney  con- 

*  See  Svante  Arrhenius.  Theories  of  Chemistry,  1907. 
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sists  of  the  osmotic  work  of  water-secretion  flus  that  of  water 
absorption  plus  that  of  selective  action  on  the  constituents  of  the 
blood,*  a  datum  which  cryoscopy  fails  to  supply.  However, 
the  method  is  useful  as  affording  a  value  for  the  osmotic  con- 
centration of  a  puncture-fluid  which,  by  association  with  a 
determination  of  the  electro-conductivity,  or  a  determination 
of  the  substances  impermeable  to  red  cells  (Hamburger's  method), 
enables  us  to  classify  the  varieties  and  amounts  of  the  different 
kinds  of  ions  present.    The  determination  of  the  relations  be- 
tween the  amount  of  chlorine  ions  and  of  the  achloride  ions  to 
the  substances  for  which  red  cells  are  impermeable,  f  is  valuable 
for  deciding  on  the  molecular  constitution  of  various  fluids. 
Such  a  study  demands,  of  course,  considerable  apparatus, { 
unnecessary  for  the  clinician,  it  is  true,  but  valuable  to  the 
biochemical  student  to  exactly  the  same  extent  as  is  the 
microscope  to  the  histologist,  with  the  difference  that  much 
more  care  and  practice  are  necessary  before  the  hysico- chemical 
apparatus  can  be  effectively  used.  § 

The  scheme  of  chemical  analysis  which  is  submitted  is  the 
result  not  only  of  practical  experiments  but  also  of  study  of  the 
various  methods  which  have  been  advocated  by  eminent  chemists. 
It  was,  however,  felt  that  a  combination  of  the  different  methods 
of  separation  of  the  proteids  might  be  advantageous,  and  an 
abstraction  of  the  methods  described  in  many  numbers  of  the 
Zeitschrift  fiir  phvsiologische  Chemie  should  be  found  convenient, 
especially  to  clinicians  who  have  not  the  time  to  turn  up  the 
volumes  needed.  The  confirmatory  tests  which  are  given  are 
*  Pauli  Physical  Chemistry  in  Medicine,  1907. 

t  The  difference  between  the  molecular  concentration  as  given  by  the 
cryoscopic  method  and  that  given  by  Hamburger's  blood-corpuscle  method 
gives  the  concentration  of  the  bodies  for  which  red  cells  are  permeable 
and  those  very  bodies  are  all  the  most  important  products  of  protcid 

catabolism.  ,  i  4.1  „  u^4.4.„^ 

X  All  this  special  apparatus  barely  costs  as  much  as  one  of  the  better 

""'TThTphysico-chemical  methods  of  examination  may  be  grouped  under 

the  following  headings  :  .  ^  a„\A 

I   The  determination  of  the  total  osmotic  concentration  of  a  fluid. 
2.  The  determination  of  the  concentration  of  the  chloride  electrolytes 

in  the  fluid. 

7   The  determination  of  the  achloride  electrolytes. 

4   The  determination  of  the  concentration  of  the  non-electrolytes. 

S.  The  determination  of  the  concentration  of  the  hydrogen  ions. 
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also  a  compilation  from  the  literature,  but  it  has  been  felt  that 
the  many  confirmatory  tests  desirable  before  stating  definitely 
that  a  given  substance  is  present  should  be  collected  together. 

The  fluids  which  have  come  under  consideration  have  been 
classified  as  follows,  and  are  dealt  with  in  the  same  order  : 

1.  The  fluids  which  occur  in  the  large  serous  cavities  : 

(a)  Pleural.    Exudations,  transudations,  pus. 

(b)  Peritoneal.    The  same  varieties. 

2.  The  fluids  which  occur  in  the  small  serous  Cavities  ;  such 

as  the  joint-effusions. 

3.  The  cerebro-spinal  fluid. 

4.  Fluids  derived  from  cysts  :  (a)  intra-abdominal ;  ovarian  ; 
pancreatic ;  rare  cysts ;  (b)  in  other  regions  of  the  body. 

Each  of  these  classes  of  fluids  will  be  studied  from  their 
chemical  and  their  physico-chemical  aspects. 

Finally,  a  reference  will  be  made  to  the  cytological  characters 
of  various  puncture-fluids,  as  the  cellular  elements  which  are 
present  in  an  effusion  have  some  bearing  on  its  chemical  com- 
position, and  are  probably  largely,  if  not  entirely,  responsible 
for  the  ferments  which  it  may  contain. 
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THE  CHEMICAL  EXAMINATION  OF 
PUNCTURE-FLUIDS 

Contents  :  Preliminary  remarks— Difficulties  attached  to  the  analysis 
of  fluids— Precipitation  of  albumen  by  mastic,  etc.— Adsorption- 
Scheme  for  analysis  of  puncture-fluids.  (A)  Preliminary  processes. 
(B)  Separation  of  the  globulins— Albumen— Globulin— Albumoses 
and  peptones  —  Monaminoacids— Ammonia— Hydrolysis—  Sugars— 
Purins  and  urea.  (C)  Diaminoacids— Residual  nitrogen.  (D)  The 
glycoproteids  ;  pseudo-mucin,  its  properties  and  reactions  ;  para- 
mucin  •  synovin— Lecithin,  its  importance,  constitution,  alhes,  and 
symbiotic  substances,  and  methods  of  analysis— The  diazo-reaction 
—The  a-naphthol  reaction— Ehrlich's  glucosamine  reaction— Trypto- 
phane—Pigment— The  inorganic  constituents  of  puncture-fluids— 
Ferments,  their  detection,  their  occurrence,  and  their  importance. 

The  great  strides  which  physiological  chemistry  has  made  during 
recent  years  enable  us  to  obtain  a  far  deeper  insight  into  the 
processes  of  pathological  metabolism  than  was  before  possible. 
The  flood  of  light  which  has  been  thrown  on  the  constitution  of 
proteid  matter  by  such  an  eminent  organic  chemist  as  Emil  Fischer 
has  perhaps  furnished  the  most  striking  increase  in  our  know- 
ledge not  only  of  pathological  chemistry  but  of  pathology 
as  a  whole.    The  application  of  this  knowledge  to  a  study  of 
the  pathological  effusions  in  various  parts  of  the  body  seemed 
a  promising  field  of  research,  especially  as  these  fluids  can  be 
made  to  afford  interesting  evidence  of  the  processes  of  break- 
down of  proteid  in  disease.    As  Umber  *  has  said,  an  effusion 
into  the  peritoneum  is  an  accumulation  in  a  sterile  reservoir  of 
the  intermediate  retrograde  products  of  proteid  metabolism 
which  are  preserved  intact  for  a  considerable  length  of  time 
owing  to  the  processes  of  absorption  being  exceedmgly  slow. 

*  The  references  to  the  original  articles  whose  authors  are  quot^f  are 
collected  into  a  separate  bibliography  for  each  section  and  placed  at  the 


end  of  this  book, 
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The  first  problem  which  presents  itself  is  that  of  devising  a 
suitable  method  of  analysis  which  shall  enable  the  various  bodies 
likely  to  be  present  in  a  given  puncture-fluid  to  be  detected, 
and,  if  possible,  estimated  quantitatively.  There  is,  however, 
the  difficulty  that  in  some  cases  there  is  only  a  very  small  amount 
of  fluid  available  for  analysis,  so  that  methods  have  to  be  found 
which  will  enable  as  many  of  the  important  substances  as  possible 
to  be  searched  for  in  the  successive  fractions  obtained.  There 
is  also  the  difficulty  that  the  results  obtained  are  awaited  by  the 
clinician,  who  does  not  wish  to  delay  with  his  final  diagnosis  any 
longer  than  necessary.  Moreover,  the  sooner  the  analysis  can 
be  completed  the  less  chance  there  is  for  autolytic  decomposition 
of  the  fluid  to  take  place. 

Of  all  the  constituents  of  puncture-fluids  the  most  abundant 
is  albumen,  and  the  interest  attached  to  this  substance  is  more 
than  that  as  to  its  mere  quantity,  since,  in  the  first  place,  it 
may  become  involved  in  autolytic  or  in  fermentative  changes 
which  lead  to  the  production  of  dissociation  products,  while,  in 
the  second  place,  it  is  responsible  for  certain  important  physical 
properties  that  such  fluids  manifest.  It  is  perhaps  too  much  an 
exaggeration  to  speak  of  the  peritoneal  fluid,  for  instance  in 
tuberculous  peritonitis,  as  really  an  albuminous  solution  of 
various  substances,  but,  on  the  other  hand,  one  cannot  fail  to  be 
struck  by  the  volume  of  the  coagulum  when  such  a  fluid  is  boiled 
in  the  presence  of  acetic  acid.  On  this  ground  it  is  not  altogether 
incorrect  to  speak  of  most  puncture-fluids  as  proteid  solutions, 
an  aspect  which  will  emphasise  the  essentially  colloidal  pro- 
perties of  these  fluids,  that  are  so  important  to  realise  when 
forming  a  conception  of  the  part  which  they  play  in  pathological 
metabolism. 

Not  only  this,  but  the  albuminous  nature  of  the  fluid 
(90  per  cent,  by  volume  in  many  exudates)  justifies  the  statement 
that  exact  quantitative  analysis  of  a  puncture-fluid  is  impossible 
smce  the  removal  of  the  albumen  destroys  its  essential  nature' 
apart  from  the  fact  that  its  removal  disturbs  the  osmotic  and 
ionic  relations  of  the  other  constituents.* 

To  remark  "remove  the  albumen  by  boiling,"  especially 
If  there  be  much  albumen,  is  merely  to  ignore  all  these  difficulties. 
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We  have  then  to  study  the  properties  of  our  fluids,  not  from 
the  standpoint  of  a  water-basis,  but  from  the  standpoint  that 
the  properties  are  those  possessed  by  colloids  towards  electrolytes 
in  {a)  colloidal  and  {b)  in  watery  solution.  We  have  also  to 
bear  in  mind  the  fact  that  the  proteids  present  in  these  fluids  are 
the  bearers  of  electrical  charges,  in  virtue  of  the  fact  that  electro- 
lytes are  present,*  and  that  the  process  of  boiUng,  or,  indeed, 
any  method  of  removal  of  proteid  from  the  solution,  destroys  or 
alters  the  electrical  charges,  and  thus  interferes  with  physico- 
chemical  properties,  besides  allowing  free  play  for  new  associa- 
tions to  take  place. 

Methods  for  Removing  Albumen 

Mere  mention  of  the  familiar  processes  of  removal  of  albumen 
from  a  fluid  is  sufficient,  and  those  which  are  advocated  for  the 
study  of  puncture-fluids  are  given  in  Tables  A  to  D.    But  an 
important  method  of  removal  of  albumen,  devised  by  Michaelis 
and  Rona,  calls  for  more  careful  consideration,  since  it  makes 
use  of  the  phenomena  of  adsorption  for  separating  off  the  albumen. 
These  authors  point  out  the  fact,  already  laid  stress  on,  that  the 
ordinary  methods  of  de-albuminisation  of  a  fluid  are  unsatis- 
factory for  many  purposes,  since  boiling  damages  the  fluid, 
alcohol  is  undesirable  in  subsequent  processes,  and  saltmg  out 
introduces  a  new  element  altogether.    Starting  with  the  fact 
that  coUoids  of  opposite  electrical  sign  wiU  cause  one  another  to 
separate  out,  provided  the  two  bodies  are  present  in  just  sufficient 
quantity,  the  two  authors  mentioned  hit  upon  the  use  of  a 
watery  solution  of  mastic  which  should  exert  this  electrical  effect. 
They  found  (i)  that  if  a  small  quantity  of  mastic  be  added  to  a 
large  proportion  of  albuminous  solution,  the  mastic  would  not 
be  separable,  owing  to  a  protective  action  exerted  on  it  by  the 
albumen  ;   (2)  that  if  the  proportions  of  the  mixture  were  re- 
versed the  opposite  held  good.    The  explanation  of  the  pheno- 
menon is  afforded  by  the  ultra-microscope,  which  shows  he 
particles  of  albumen  in  combination  with  particles  of  mas  ic, 
in  such  manner  that  each  particle  of  mixture  consists  of  mastic, 
plus  albumen.    If  there  be  excess  of  the  latter,  it  becomes  possible 
*  Albumen,  pseudo-globulin,  and  euglobulin  show  no  electrical  charge 
in  the  absence  of  electrolytes  (Pauli). 
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for  each  particle  of  mastic  to  be  completely  enveloped  by  albu- 
men. The  surface  tension  will  thus  only  have  effect  on  the 
albumen  and  not  on  the  mastic.  This  will  hold  good  until  so 
much  mastic  has  been  added  that  it  cannot  all  be  "  masked," 
and  at  that  point  the  whole  of  the  albumen  will  separate  out. 

The  methods  which  they  advocate  are  : 

Method  A. — A  lo-per-cent.  solution  of  mastic  in  alcohol  is 
suddenly  diluted  with  twice  its  bulk  of  water,  and  the  resulting 
mixture  is  added  to  the  fluid  to  be  de-albuminised  in  the  pro- 
portion of  10  parts  mastic  mixture  to  i  of  fluid  ;  2  parts  of 
lo-per-cent.  acetic  acid  are  then  added,  in  order  to  acidify  the 
mixture.  In  half  an  hour  a  similar  quantity  of  mastic  is  added 
gradually,  and  acidified  by  a  further  similar  quantity  of  the 
acetic  acid  ;  2-3  parts  of  lo-per-cent.  magnesium  sulphate  are  now 
added  gradually  until  a  definite  precipitation  takes  place,  and 
after  a  short  period  of  digestion  in  a  tepid  water-bath,  the  fluid 
will  be  found  to  filter  easily  and  leave  a  completely  albumen- 
free  filtrate.  In  the  event  of  the  removal  being  incomplete, 
a  third  addition  of  mastic  is  indicated. 

Method  5.— 50  cc.  of  fluid  are  diluted  with  12-15  parts  of 
water,  and  as  much  acetic  acid  is  added  as  will  clear  up  the  tur- 
bidity. To  every  100  cc.  of  fluid  20  gm.  of  kaolin  are  added  in 
four  or  five  instalments,  vigorous  shaking  being  carried  out  during 
this  process.  The  filtrate  will  now  be  quite  free  of  albumen 
This  method,  published  in  July  1907,  obviates  the  necessity  in 
method  A  of  first  getting  rid  of  excess  of  albumen  by  a  preliminary 
alcohol  precipitation,  which  renders  method  A  applied  to  fluids 
rich  m  albumen  of  no  advantage  over  former  methods  of  de- 
albuminisation. 

The  filtrate  from  these  methods  contains  monaminoacids 
diaminoacids,  and  polypeptids  ;  and  it  is  necessary  to  remember 
that  there  is  present  in  this  filtrate  a  nitrogen-free  substance  of 
unknown  nature,  soluble  in  water,  which  will  come  down  with 
phosphotungstic  acid  unless  an  excess  of  tannin  be  added  to 
prevent  its  precipitation  by  phosphotungstic  acid 

The  precipitate  will  contain  albumen,  globulin,  and  albumose, 
out  no  sugar.  ' 

P\cMs  Method  of  Removing  Albumen.-200  cc.  of  fluid  are 

d t  bv  d  ^^^'^       ^^-'^  -^tic  acid 

drop  by  drop,  till  just  acid.   Heat  three-quarters  of  an  hour  in  a 
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current  of  steam.  Boil  the  residue  with  water,  and  squeeze  it  out 
in  a  hand-press.  The  mixed  filtrates  are  filtered  while  hot  and 
the  residue  washed  with  hot  water.  The  filtrate  will  be  abso- 
lutely albumen-free. 

A  clinical  method  of  estimating  albumen  has  been  devised 
by  Deycke  and  Ibrahim.  2  cc.  of  fluid  are  mixed  with  3  cc.  of  n/5 
soda  (forms  a  soluble  alkali-albuminate),  and  is  then  made  up 
with  soda  to  100  cc.  in  a  flask.  25  cc.  of  this  diluted  solution  are 
placed  in  a  flask  of  200  cc.  capacity,  and  2-3  cc.  of  glacial  acetic 
acid  and  20  cc.  of  potassio-mercuric  iodide  solution  are  added. 
The  volume  is  made  up  with  distilled  water.  The  precipitated 
mercury  albuminate  is  filtered  off  and  100  cc.  of  filtrate  treated 
with  ID  cc.  potassium  cyanide  and  10  cc.  ammonia.  The  amount 
of  unaltered  cyanide  is  estimated  by  titration  with  n/20  silver 
nitrate. 


Adsorption.— Before  proceeding  with  the  actual  methods  of 
analysis  there  remains  one  more  theoretical  consideration,  namely, 
the  effect  of  removal  of  proteid  on  the  electrolyte  contents.  It  wiU  be 
seen  that  considerable  importance  is  being  attached  to  the  amount 
of  electrolytes  present  in  exudates  as  compared  with  transudates 
(Section  IV),  and  the  question  arose  not  only  as  to  the  most 
simple  method  of  analysis  but  as  to  whether  there  was  any 
source  of  error  likely  to  arise  in  any  of  the  methods  adopted  for 
removing  the  albumen.  It  is  well  known  that  if  albumen  be 
treated  with  hydrochloric  acid  a  certain  amount  of  the  latter 
will  enter  into  combination  with  the  albumen,  and  cannot  be 
detected  in  the  filtrate  after  boiling  to  remove  proteid.  The 
albumen  is  considered  to  have  adsorbed  some  of  the  CI. 

What  is  to  be  exactly  understood  by  the  term  "  adsorption  "  it  is  diffi- 
cult to  say,  and  this  word  has  been  invoked  perhaps  to  give  an  apparent 
explanation  for  phenomena  which  were  not  correctly  understood.  Thus 
it  is  admitted,  even  by  Ostwald,  that  there  is  no  sharp  difference  between 
chemical  affinity  and  adsorption.  In  fact,  when  one  comes  to  consider  it. 
it  is  often  really  very  difficult  to  be  sure  that  the  union  between  two  bodies 
is  physical  and  not  chemical. 

The  question  at  issue  which  renders  it  deshable  to  discuss 
adsorption  at  all  is  as  to  whether  the  chlorine  met  with  in  a 
puncture-fluid  is  "free"  or  "  combmed "  with  the  proteid. 
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We  wish  to  know  how  much  of  the  chlorine  present  in  the  fluid 
is  reahy  unattached  to  the  proteid,  consequently  it  is  not  enough 
to  know  the  total  amount  of  chlorides  as  estimated,  say,  by 
incineration.  Moreover,  it  is  specially  convenient  to  use  a 
titration  method  of  analysis.  If  proteid  does  hold  sodium 
chloride  in  its  meshes  during  the  process  of  coagulation  by  heat, 
then  the  chloride  estimated  by  analysis  will  only  represent  that 
portion  of  the  NaCl  which  is  unattached  to  the  proteid,  the  rest 
having  passed  irrevocably  into  the  coagulum.  We  should  say, 
with  Schulz,  that  some  of  the  CI  is  "  essentially  "  bound  up  with 
the  proteid,  and  the  rest  is    "  accidental." 

In  a  series  of  studies  on  the  physiology  of  glands  (1907)  Asher  dis- 
cusses the  very  same  question,  though  with  a  different  object.  He  is 
concerned  with  the  relation  of  secretion  to  the  physical  condition  of  the 
blood-serum,  and  endeavours  to  make  out,  on  the  one  hand,  whether  the 
substances  in  serum  are  held  in  solution  or  not,  and,  on  the  other  hand, 
whether  chlorine  in  tissues  or  body-fluids  is  free  or  bound.  To  solve  the 
problem  he  uses  cryoscopy  and  electro-conductivity  determinations. 
Some  reference  to  this  work  will,  however,  be  made  in  the  next  section. 

While  Bayliss  goes  at  length  into  the  effect  of  Congo  red  on 
filter-paper  as  an  "  undoubted "  example  of  adsorption,  we 
receive  a  rebuff  from  the  writings  of  others,*  who  insist  that 
the  reaction  is  really  a  chemical  one.  The  same  author  describes 
the  adsorption  of  salts  by  gelatine  ;  but  in  the  experiments 
narrated  it  cannot  be  taken  as  complete  proof  in  this  case  either 
that  adsorption,  and  not  chemical  afl&nity,  is  the  mechanism. 
If  gelatine  be  washed  with  water,  the  first  washing  will  remove 
so  many  salts.  The  second  washing  will  remove  much  less  if 
there  be  no  chemical  union,  because  the  percentage  of  salts  on 
commencing  the  second  wash  is  so  much  less  than  those  present 
at  the  first  wash.  Again,  at  the  third  wash  there  is  still  less  salt, 
and  there  will  be  very  much  less  loss  of  salt  at  the  fourth  wash. 

On  this  ground  there  is  not,  at  first  sight,  any  difference 
between  the  process  described  by  Bayliss  in  washing  out  the 
electrolytes  of  gelatine  and  ordinary  washing  out  by  diffusion. 
In  each  case  the  rate  of  loss  of  salts  will  be  slow. 

According  to  v.  Bemmelen,  the  factors  on  which  adsorp- 
tion depends  are  :   the  adsorbing  substance,  the  solvent,  the 

*  Above  all,  of  Gustav  Mann. 
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substance  to  be  adsorbed,  the  state  of  its  molecules,  and  the 
temperature. 

These  conditions,  however,  are  not  sufificient,  since  there 
must  be  a  time  element  to  consider. 

Fortunately,  the  subject  becomes  more  intelligible  from 
Hobers'  clear  and  distinct  diction.  This  author  points  out  three 
properties  which  are  characteristic  of  adsorption. 

1.  The  equilibrium  between  the  adsorbed  substance  and  the 
nonadsorbed  substance  varies  according  to  whether  the  second 
is  added  en  masse  or  by  instalments.  It  is  a  surface  tension 
phenomenon,  and  if  the  surface  be  altered  by  a  preliminary 
addition  a  further  addition  to  that  surface  will  not  meet  with  the 
same  conditions  as  did  the  first  portion. 

2.  The  reaction  between  adsorbent  and  solvent  is  reversible 
only  for  a  short  time  after  its  inception. 

3.  The  equilibrium-constant  alters  with  time  ("  old-age  "). 
To  use  a  mathematical  expression,  we  may  say  that  if  an 

albuminous  fluid  adsorbs  chlorides  from  a  solution  of  chlorides, 
the  amount  adsorbed  will  depend  on  the  concentration  of  the 
fluid  and  of  the  solution.  Expressed  graphically,  a  curve  repre- 
senting the  ratio  of  the  adsorbed  to  the  unadsorbed  substance 
(abscissa)  will  always  be  concave  towards  the  abscissa,  since  the 
power  of  adsorption  of  the  adsorbing  substance  is  greater  at  the 
beginning  than  it  is  at  a  later  stage  in  the  process.  When  this 
is  put  into  a  mathematical  formula,  we  have : 

c" 

adsorbed  subst.   

r 

unadsorbed  subst. 

where  k  is  called  the  adsorption  coefficient,  and  n  is  a  constant 
greater  than  i. 

This  formula,  however,  does  not  necessarily  hold  good  only 
ior  processes  of  adsorption,  i.e..  of  depression  of  the  surface 
tension  between  fluid  and  colloid,  by  the  dissolved  substance. 
It  would  equally  well  express  that  a  solid  solution  is  formed 
in  which  the  chloride  is  divided  over  the  fluid  and  the  solid 
solvent.  There  may  be  a  question  of  electrical  charges  in  this 
aspect  of  the  conditions. 

Without  pursuing  the  theoretical  side  of  the  question  further 
we  may  come  to  the  conclusionthat  if  the  effect  of  adding  sodium 
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chloride  to  an  albuminous  solution  can  be  expressed  by  the 
foimula  given  above  or  by  this  formula  : 


*^C1  in  alb.         \/  in 


water, 


we  may  assume  that  adsorption  exists  between  these  two 
substances. 

Several  tests  were  applied  in  order  to  endeavour  to  arrive  at 
a  conclusion  as  to  the  accuracy  of  the  chloride  analyses  which 
have   been  made  in  puncture-fluids.    The  variations  in  con- 
ductivity shown  by  different  strengths  of  saline  solution  in  the 
presence  of  different  percentages  of  albumen  were  determined, 
and  in  another  series  of  tests,  different  solutions  of  egg-white 
and  sodium  chloride  were  made  up,  and  the  amount  of  NaCl 
estimated  in  each  volumetrically.    In  a  third  series  of  tests  a 
known  strength  of  natural  albuminous  fluid  was  treated  with  a 
known  quantity  of  NaCl,  and  different  dilutions  made,  the  con- 
ductivity of  each  of  these  being  tested,  and  in  a  final  series  of 
experiments  a  known  strength  of  albuminous  solution  (human) 
was  treated  with  a  known  weight  of  albumen,  and  the  coagulum 
was  washed  with  distilled  water  on  successive  days  till  no  more 
chloride  could  be  detected  in  the  filtrate.    The  strength  of  NaCl 
and  the  conductivity  of  each  washing  was  determined.  The 
washing  was  carried  out  by  taking  up  the  coagulum  out  of  the 
filtrate,  transferring  to  a  smaU  flask,  and  adding  about  80  cc.  of 
water.    The  contents  were  then  well  shaken  up  and  aUowed  to 
stand  for  a  time.    The  mixture  was  then  filtered,  and  additional 
water  poured  on  to  the  precipitate  until  100  cc.  of  filtrate  was 
obtained. 

Without  entering  all  the  results,  we  may  iUustrate  the  method 
and  the  results  obtained  by  the  foUowing  observations. 

I.  By  titration,  adopting  the  usual  method  of  de-albuminisa- 
tion,  100  cc.  fluid,  containing— 

8  %  albumen  (egg)  +     i  %  NaCl  yielded  0-85  %  NaCl  on  titration. 
;         "         "     1  "         "  0*45 

4  +0-25  „        0-25    „  ;; 

"      +  ■  „  0'92  „ 

+  05  „          „  0-5 

"      +  0-25  „  0-2S 

"     +  o'  „  o-i 
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2.  By  successive  washing, 

First  filtrat:    k  26°  =  1800 

Second    „    „     =    103  5 

Third      „    „    =  23-2 

Fourtii    „    „    =  4'04 


From  these  experiments 
albumen  is  low  there  is  no 


Fig.  I. 
a  represents  the  varying 
adsorption  occurring  in  dif- 
ferent concentrations  of  Congo 
red  and  cellulose  (Bayliss), 
while  b  shows  the  conditions 
which  obtain  in  the  case  of 
serum  albumen  and  NaCl 
(Author). 

n 


we  see  that  when  the  percentage  of 
adsorption  of  chlorides  by  proteid, 
while  with  higher  concentrations  of 
albumen,  however,  there  is  a  de- 
cided loss,  which   is   greater  the 
more  chlorides  there  are.  Putting 
the  results  of  the  last  table  in  the 
form  of  a  curve,  and  comparing  it 
with  that  from   an  ordinary  case 
of   adsorption  (fig.  i,   a),  it  is  at 
once  evident  that  there  is  a  dif- 
ference between  the  two.    From  our 
point  of  view,  then,  there  is  no  im- 
portant error  Hkely  to  arise  in  the 
ordinary  method  of  analysis,  pro- 
vided the  percentage  of  proteid  he  not 
large. 

Bugarsky  and  Liebermann  have 
settled  the  question  of  adsorption 
of  NaCl  by  albumen  by  determining 
the    freezing-point    depression  of 


an  —  solution,  containing  varying  weights  of  albumen.    Thus  : 
20 


Amount  of  Albumen 
dissolved  in 

100  cc.  J3  NaCl 

20 

'  Freezing-point 
IJepression. 

Freezing-point  Depression  if  no 
Adsorption. 

0 

0-4 

0-  8 

1-  6 
3-2 

6-4 

0-183° 

o-i86 

0-191 

0194 

0-199 

0-203 

0-183° 

0183  +  0004  =  0-107 
0-183  +  0-006  =  0-189 
0-183  -)-  0-009  =  0.192 
0-183  +  0015  =  0-198 
0-183  +  0-022  =  0-205 

They  conclude  that  the  similarity  of  the  figures  in  the  second 
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and  third  columns  indicates  that  no  union  has  taken  place 
between  the  salt  and  the  albumen.  However,  the  fact  that  the 
observations  are  made  at  ordinary  temperature  and  at  about 
0°  C.  shows  that  such  an  experiment  does  not  decide  whether 
adsorption  might  not  occur  at  100°  C,  a  temperature  which  all 
the  puncture-fluids  have  to  attain  in  the  course  of  the  analysis 
recommended  in  this  work. 


Scheme  for  Analysis  of  Puncture-fluids 

After  these  preliminary  observations  on  the  difficulties  with 
which  one  has  to  cope,  we  may  proceed  to  formulate  the  method 
of  systematic  analysis  which  has  been  adopted  for  the  chemical 
examination  of  puncture-fluids. 

The  following  scheme  is  based  on  a  very  considerable  litera- 
ture, and  as  by  its  aid  more  than  200  puncture-fluids  of  all 
kinds  have  been  examined,  its  practical  advantages  have  been 
carefully  tested.  It  may,  however,  be  noted  that  there  is  not 
always  a  need  for  following  out  each  table  from  start  to  finish  ; 
a  judicious  selection  can  be  made  of  those  portions  of  the  scheme 
which  are  likely  to  give  information  in  the  particular  class  of  fluid 
under  examination.  Where  any  modification  of  the  methods 
has  been  found  convenient  a  mention  of  it  will  be  made  in  the 
appropriate  places. 

In  order  to  make  this  work  more  useful  to  those  who  wish  to 
apply  these  suggested  methods  for  purposes  of  diagnosis,  the 
confirmatory  tests,  especiaUy  for  the  less  known  substances,  are 
entered  along  with  the  description  of  the  particular  substance. 
Inasmuch  as  there  are  constantly  being  devised  for  many  of  these 
bodies,  new  tests,  which  the  ordinary  reader  cannot  ascertain 
without  a  very  extensive  search  through  hterature,  it  has  been 
thought  of  value  to  gather  together  these  innovations,  especially 
those  new  tests  which  have  been  found  of  use  in  the  Leeds 
General  Infirmary. 
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TABLE  A.  PRELIMI 

The  fluid  is  heated  in  the  presence  of  just  enough  acetic  acid 
cess  in  a  water-bath  placed  on  a  sand-bath,  in  order  to  prevent 
toboil,  a  few  drops  of  dilute  acetic  acid  are  added  until  a  coagulum 
this  can  be  controlled  by  litmus). 

Coagulum.— This  consists  of  albumen,  globulins,  and  nucleo- 
meshes  (such  as  mucoids)  4 

The  Filtrate  should  still  be  acid,  and  if  an  estimation  of 
by  adding  distilled  water  to  the  coagulum  in  the  filter-paper, 
the  remainder  is  tested  in  successive  portions,  thus  : 


Add  an  equal  part  of 
methylated  spirit- 

Add  basic  lead  acetate. 

Precipitate 

is  hetero- 
albtimose. 
(coag.  by 

65°  c.) 

s.  p.  26 

Solution. 

Test  with  potass, 
ferrocyanide,  and 
acetic  acid. 

Precipitate 

Proteids 

not 
required.  - 

Solution. 

Remove  the  lead  by 
H,S. 

Precipi- 
tate not  - 
required. 

Solution 

Precipi- 
tate not 
required. 

Solution 
Protalbn- 

IflOSC. 

s.  p.  26 

Evap.  in  a 
drop  of  pure 
nitric  acid. 

Dissolve 
residue  in  a 
few  drops  of 
soda.  Warm 
in  a  platinum 
capsule.  If 
oily  drop 
forms  = 
leucin. 
s.  p.  27 

Add  Ammo- 
niacal  Silver 
Nitrate :  Pre- 
cipitate = 
purins.  Or 
evap.  to  dry- 
ness with 
HN03;add 
one  drop 
Ammonia. 
If  violet  forms 
=pnrins  or 
uric  acid. 
(See  p.  31 
for  confirm- 
atory tests  ; 
also  footnote 
p.  76.) 

*  Devoto.        ,    ^    ,  . ,  ,T„l1pe^     Boil  the  original  fluid  with  excess 

^  To  ^d^*-\;-^;';tstorfi^  1-  been  used,  and  the  precipitate. 

After  24  hours,  the  asbestos  tiiter  w  precipitate  by 

I  ThliisTn^odificationof  SeliwanoS's  test  (p.  3^).  .  hich  I  believe  to  be 
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NARY  SEPARATION 

until  coagulation  results.*  It  is  convenient  to  perform  this  pro- 
excessive  heating  in  the  initial  stages.  When  the  water  is  about 
ceases  to  appear  (only  some  half  dozen  drops  will  be  needed,  but  • 

proteid  f,  apart  from  substances  that  may  be  entangled  in  its 

chlorides  be  desired,  it  is  made  up  to  loo  cc.  (the  original  bulk) 
10  cc.  of  the  filtrate  are  then  set  aside  for  the  determination,  and 


Saturate  two-tlnrds 
with  Ammonium 
Sulphate. 


Precipi- 
tate 

Deutero- 
albu- 
mose 
a 


Solution 

not  re- 
quired. 


Saturate  the  neutral 
solution  with  Am- 
monium Sulphate. 


Precipi- 
tate 
Deutero 
albu- 
mose 


Solution 

not  re- 
quired. 


Concentrate  another  portion 
of  the  filtrate  in  vacuo,  at  not 
more  than  40°  C,  or  leave 
to  concentrate  spontaneously. 
I'lace  the  fluid  in  a  porcelain 
basin,  and  add  resorcin  till  a 
fairly  strong  solution  results. 
Heat  the  basin  ovtr  a  Bunsen 
flame,  after  the  manner  of  the 
Gunzberg  test  for  free  HCI, 
and  if  a  red  colour  appear, 
soluble  in  alcohol,  then  kvttlose 
is  present.  §  The  confirmatory 
tests  and  other  details  are  to 
be  found  on  p.  32, 


Neutralise  a 
portion  of  the 
filtrate  v\ith 
potash,  and 
then  concen- 
trate on  the 

water-bath. 
If  a  precipi- 
tate forms  on 
adding  alco- 
hol, suspect 
the  presence 
of  succinic 
acid  (con- 
firmatory 
tests,  p.  194). 


Of  water,  and  acidulate  with  acetic  acid.    The  precipitate  is  nucleoproteid 
are  digested  in  an  Erlenmayer  flask  with  4  per  cent.  soda.  Reprecipitate 
washing  with  alcohol  and  ether.  The  dried  substance  is  incinerated  and  tested 
date  IS  hydrolysed  for  2  hours  with  30  cc.  of  4-per-cent.  HCI,  with  a  refiux 
on  removing  lead  will  give  the  orcein  reaction,  as  well  as  give  a  glucosazone 

fluid  with  s  per  cent.  H,SO„  and  neutralise  with  baryta  while  hot,  and 
and  punns.    Mucin  and  nucleo-albumen  remain  in  solution. 


convenient. 
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TABLE  B     SEPARATION  OF  GLOBULINS  AND  THEIR 

ASSOCIATES 

I.  Add  an  equal  part  of  thoroughly  saturated  pure  ammonium 
sulphate,  and  leave  to  stand  overnight  (or  longer).  


Solution. 

Contains    chiefly   albumen  and 

secondary  albumoses.* 
Not  required. 


Residue. 

Dialyse,  dry,  and  weigh. 
Contains  globulins,  nucleo-albumen,  primary 
albumose,  peptone,  histones,  and  lecithin. 

(1)  Fuse  some  of  the  residue  with  KOH  + 
KNO3  and  test  for  phosphorus  (nucleo- 
albumen,  lecithin). 

(2)  Dissolve  a  portion  in  water  and  add 
acetic  acid  (up  to  I  %).  After  prolonged 
standing,  Precipitate  =  serosamucin. 

2.  To  another  portion  add  double  the  bulk  of  saturated 
ammonium  sulphate  to  precipitate  the  euglobulin.f 

*  As  the  filtrate  contains  albumen,  it  may  be  boiled  as  in  Table  A 
and  the  weight  of  albumen  ultimately  obtained.  The  ratio  bet^veen 
albumen  and  globulin  will  then  have  been  obtained  by  the  one  process. 

t  1  simple  experiment  which  was  made  will  illustrate  the  importance 
of  delay  before  collecting  the  precipitates  obtained  by  salting  out  proteids. 
1 00  cc  of  a  pleural  fluid  were  treated  with  200  cc.  of  saturated  ammonium 
ilhate  (thus  forming  a  66-per-cent.  solution).  As  usual  there  was  no 
efiect  for  some  time,  but  next  morning  abundant  ^"-^^^^f^^^.^^^^^^e 
They  were,  however,  left  for  two  more  days,  and  then  filtered  off-  The 
flufd  which  it  may  be  incidentally  mentioned,  was  turbid,  now  yielded 
a  clear  m  rie  and  pending  further  study  of  this  filtrate  the  specimen  was 
teftln  aX4  d  Erlenmeyer  flask  for  ten  days,  at  the  end  of  w-hich  time  t 
«^pH  that  there  was  a  not  at  all  inconsiderable  further  fiocculation. 
T^of  oursf  show  t^t  out  may  take  several  days  to  complete 

Sere  could  be  no  concentration  of  the  fluid  during  this  time.  other.^.se 
one  migM  argue  that  with  increasing  concentration  of  ammonium  sulphate 

and  pseudo-globuUn  He  con- 

fluid  according  as  it  may  be  exarni  albumen  may  be  con- 

sidered that  ^X^rf^eTf^^o^^^^^^^  pessimistic,  because  if  one 
verted  into  globulm.  ^he  _v.ew^  P  ^,  ^^^^  ^^^^  immediate 
adds  the  values  given  for  ^^^^^'^^  ^  3.  ,  and  the  later  estima- 
estimation  gives  tota  g  obuhn  a^b  m^^^^^  certainly  shows  a  change  from 
tion  ^trn  gives  2  3  .  y^-  J^^^^°g*,,bulin  having  decidedly  increased.  The 
di;ir:fia^o:S^orsepL^^^^ 
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Before  proceeding  farther  it  will  be  advantageous  to  pause 
to  consider  the  substances  separated  by  Tables  A  and  B,  and 
discuss  those  properties  which  are  of  interest  in  connection  with 
the  study  of  puncture-fluids.  In  this  way  we  can  take  the  oppor- 
tunity to  indicate  in  which  fluids  the  various  substances  occur, 
and  their  significance. 

The  method  of  classification  adopted  consists  in  dealing  with 
the  proteids  first,  then  their  derivatives,  and  finally  the  sub- 
stances detected  in  the  latter  part  of  Table  A.  The  diaminoacids, 
which  demand  a  special  method  of  separation,  will  therefore 
come  apparently  out  of  turn,  but  owing  to  their  infrequency  in 
puncture-fluids,  and  to  the  complicated  procedure  necessary  to 
their  detection,  this  deflection  will  be  found  convenient,  as  the 
more  important  substances  will  be  taken  first. 

Albumen. — ^The  chief  interest  in  this  substance  as  regards 
its  presence  in  puncture-fluids  lies  in  the  evidence  which  it 
affords  in  differential  diagnosis  of  exudates  from  transudates. 
This  side  of  the  subject  will  be  found  discussed  fully  in  Section 
IV.  The  estimation  of  the  amount  of  albumen  is  also  of  great 
importance  in  the  detection  of  diseases  of  the  nervous  system  in 
the  case  of  cerebrospinal  fluid,  and  this  will  be  discussed  later 
(Section  III.).  In  passing,  it  is  merely  sufiicient  to  say  that 
there  are  four  types  of  effusion,  each  of  which  has  a  different 
albumen-content. 

a.  Due  to  disease  of  the  serous  membrane  (tubercle,  cancer, 
etc.).    Albumen  4-6  per  cent. 

h.  Due  to  venous  stasis  (general  or  local).  Albumen  1-3  per 
cent. 

c.  Extreme  hydremia  (nephritis  ;  amyloid  disease).  Albumen 
less  than  0-5  per  cent. 

d.  Mixed  types.    Albumen  varies. 

The  amount  of  albumen  is  of  interest  in  other  kinds  of  fluid, 

as,  for  instance,  hydatid-cyst  fluid,  which  contains  very  little  as 

compared  with,  say,  pancreatic  cysts.     In  ovarian  cysts  there 

is  often  comparatively  little  coagulable  material. 

These  points  will  be  referred  to  under  the  appropriate  head- 
ings. 

Reale  has  endeavoured  to  show  that  there  are  two  varieties  of  serum- 
tvfth  nTh'  precipitable  by  weak  acid  after  sa  uratTn 

with  NaCI  or  magnesium  sulphate,  and  coagulating  at  71  to  72°  C,  the  X r 
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a  "  pseudo-serumalbumen,"  which  is  not  precipitable  in  the  same  manner, 
and  coagulates  at  84°  C. 

Globulin. — ^The  scanty  attention  which  was  paid  to  the 
existence  of  this  proteid,  both  in  blood-serum  and  in  (pathological) 
urine,  in  former  years  is  gradually  giving  place  to  a  much  more 
widespread  interest  than  it  has  enjoyed  in  the  hands  of  the  few 
who  concerned  themselves  with  pathological  chemistry.  It  is 
now  known  that  globulin  is  the  bearer  of  many  important 
functions  of  the  blood-serum,  of  which  the  relation  to  antitoxin 
is  perhaps  the  most  conspicuous.  It  is  first  necessary  to  describe 
the  varieties  of  globulin  which  are  met  with,  because  it  is  impor- 
tant to  distinguish  between  them  in  practice. 

Freund  and  Joachim  have  classified  globulins  as  follows  : 


Name. 

Precipitant. 

Solubility 
in 
Water. 

Solubility 
o-6%  NaCl. 

Solubility 
in 

NajCOj. 

Precipi- 
tation 
Limits. 

Coagula- 
tion 

Tempera- 
ture. 

1.  Paraglobulin 

or  Ovi- 
mucin  *  ... 

2.  Euglobulin 

3.  Parapseudo- 

globulin  or 
dysglobu- 
lin* 

ird  sat.AnijSOj 
1  sat.  Am,S04 

Insoluble 
Soluble 

Insoluble 

Soluble 
Insoluble 

Insoluble 
Soluble 

2-8-3-6 

7o-77°C 
64-70°C 

74-76°C 

4.  P  s  e  u  d  0  - 

globulin 

5.  Nucleoglo- 

bulin  (con- 
tains P.)... 

Soluble 

Insoluble 

3-6-4-4 

76°C 

These  authors  lay  stress  on  the  physiological  importance  of 
these  varieties  of  globuhn  by  stating  that  pseudo-globulin  contams 
the  antitoxin  for  tetanus,  paraglobulin  has  the  property  o 
precipitatmg  egg-white,  euglobulm  favours  the  precipitation  of 
myosin,  while  pseudo-globulin  inhibits  the  action  of  euglobu  m-t 

The  same  authors  point  out  that  a  globulin  may  be  (1)  soluble 
in  water  (pseudo- globulin),  (2)  soluble  in  0-6  per  cent.  NaCl,  but 
insoluble  in  water  (euglobulin),  (3)  insoluble  in  either  0-6  per  cen  . 
NaCl  or  in  water,  but  soluble  in  0-25  per  cent.  Na.COs.  ihi. 
will  explain  the  characters  of  certain  kinds  of  peritoneal  exuda- 

*  Of  Olirmeyer  and  Pick.  „  . 

t  Pseudo-globuHn  thus  plays  the  part  of  an    antiferment,   as  tt  ^^ere. 
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tions,  since,  if  the  carbonates  be  present  in  excess,  the  third 
variety  of  globulin  will  be  in  solution,  while  if  there  are  deficient 
salts, or  if  the  chloride  concentration  of  the  fluid  be  less  than  that 
of  the  blood,  one  may  expect  euglobulin  not  to  remain  in  solution, 
and  so  cause  a  turbid  peritoneal  fluid.  We  shall  have  to  refer  to  . 
this  matter  again  when  we  come  to  deal  with  opalescent  and 
milky  peritoneal  fluids. 

As  regards  the  amount  of  globulin  which  is  present  in  a  fluid, 
it  cannot  be  said  that  this  shows  any  constant  relation  to  the 
nature  of  the  fluid,  though,  as  a  rule,  there  is  less  globulin  present 
in  pleural  than  in  peritoneal  fluids.  The  abundance  of  globulin 
in  peritoneal  fluids  is  probably  an  explanation  of  the  strikingly 
more  frequently  occurring  opalescence  in  them  than  in  pleural 
fluids. 

The  varying  globulin- content  of  fluids  is  shown  by  the  follow- 
ing table  of  some  of  the  analyses  from  cases  in  the  Leeds  General 
Infirmary. 

TABLE  I 

Globulin-content  of  Puncture-Fluids 


{Monolobular  Cirrhosis 
Tuberculous  Peritonitis 
Cardiac 
Cardiac  and  Renal... 
Monolobular  Cirrhosis 
/Exudation  (simple) 
Another  case 
Tuberculous  Exudate 
"  Idiopathic  " 


Pleural 


Cardiac  Failure 
Ovarian      Simple  Unilocular  Cyst 


4-585  % 
o  568  % 

0-25  % 

0-4  % 
o-o6  % 

0-58% 

0-  84  % 

1-  8  % 

0-  87% 

1-  36  % 
077  % 
004% 

1-  84% 

2-  079  % 


The  Substances  Detected  by  the  Filtrate  of  Table  A 

Albumoses  and  Peptones. — To  confirm  the  presence  of 
albumoses,  a  portion  of  the  filtrate  from  Table  A  may  be  (i) 
saturated  with  NaCl,  (2)  saturated  with  MgSO.,,  (3)  dialysed.  The 
protalbumose  will  pass  through,  while  hetero-albumose  will 
remain  behind. 

Protalbumose  made  alkaline  with  potash,  and  treated  with 
2  per  cent.  CuSO,  will  give  no  precipitate.  Hetero-albumose  is 
precipitated. 
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The  differences  between  these  two  substances  may  be  tabu- 
lated thus  : 


Test. 

Protalbumose. 

Secondary  Albumose. 

NaCl  to  saturation  +  acetic  acid  satu- 
rated with  salt 
Biuret  (2  :  100)  in  neutral  solution  ... 
Potass,  ferrocyanide  and  acetic  acid 
Nitric  acid   

Half  saturation  with  ammonium  sul- 
phate 

Precipitated 

+ 
+ 

precipitated  in  salt- 
free  solution 

complete  precipita- 
tion 

No 

No 
No 

only  precipitated  in 
presence  of  salt 
No  precipitation 

The  investigations  which  have  been  made  in  order  to  ascertain 
in  which  fluids  albumoses  and  peptones  were  or  were  not  present 
are  shown  in  Table  IL  It  will  be  at  once  noticed  that  peptone 
is  uniformly  absent  from  both  pleural  and  peritoneal  fluids, 
and  that  purulent  fluids  contain  both  forms  of  albumose. 
This  is  as  might  be  expected,  for,  as  we  shall  see,  proteolytic 
ferments  are  a  conspicuous  component  of  the  polynuclear 

leucocytes.  . 

Umber  states  that  primary  albumose  is  always  present  m  a 
fresh  exudate,  and  that  deutero-albumose  is  often  met  with, 
while  true  peptone  is  absent.  It  wiU  be  seen  from  Table  II  that 
while  protalbumose  is  absent  in  a  few  cases,  the  results  are  other- 
wise in  accordance  with  Umber's  statement. 

TABLE  II 


Nature  of  Case. 

Prot- 
albumose. 

Hetero- 
albumose. 

Peptone. 

Pleural 

'Bilateral  (single)  

Tuberculous  •••   

if 

Cardiac  Failure   

Idiopathic  ... 

Chronic  Tubercular  Nephritis  ... 
Empyema   

Absent 

M 

Present 
Absent 
Present 

t) 

It 

i> 

Trace 
Absent 
Present 

Absent 

Present 
ft 

Uniformly 
absent. 

Peritoneal- 

'Cardiac  (back-pressure)  

Monolobular  Cirrhosis   

Peritoneal  Cancer   • 

Adt.  Pericardium  (back-pressure) 
Chronic   Peritonitis  (non-tuber- 
culous)   

Absent 
Present 

I' 
ti 

11 

Absent 
ft 

Trace 

Uniformly 
absent. 
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The  Monaminoacids  (glycocoU,  leucin,  aspartic  acid, 
serin). 

Traces  of  these  substances  have  been  described  by  various 
authors  as  occurring  in  exudates,  especially  in  peritoneal  fluids. 
Umber  states  that  they  are  always  present,  but  from  the  ex- 
perience of  the  cases  in  the  Leeds  General  Infirmary  they  are  not 
found  at  all  frequently.  It  must  be  admitted,  however,  that 
possibly  too  small  a  quantity  of  fluid  was  utilised  for  their  detec- 
tion :  200  cc.  or  more  might  furnish  better  prospect  of  detecting 
them,  but  hitherto  it  has  been  necessary  to  study  other  con- 
stituents more  particularly,  by  which  time  there  was  less  material 
left  than  would  serve  to  reveal  the  presence  of  a  trace  of 
monaminoacid. 

The  method  of  separation  of  these  bodies  is  as  follows.  The 
filtrate  (portion  2,  Table  A)  is  carefully  neutralised  after  the 
treatment  with  HjS,  and  2  cc.  *  of  «KOH  added.  It  is  now 
shaken  for  eight  hours  with  2-4  gm.  of  ^ff-naphthalene-sulpho- 
chloride  (Merck)  by  the  aid  of  a  mechanical  shaker. 

A  separating  funnel  is  now  used  and  the  watery  fluid  is 
shaken  with  ether,  and  rendered  acid.  The  ether  takes  up  the 
yS-naphthalene-sulphaminoacids  out  of  this  acid  fluid,  especially 
if  a  little  powdered  ammonium  sulphate  be  added  first.  The 
aminoacids  crystallise  out  and  can  be  recognised  from  their 
physical  properties  and  their  microscopic  appearance. 

This  method  is  employed  by  Erben  as  a  quantitative  method, 
but  since  he  admits  that  sometimes  only  577,  and  never  more 
than  80  per  cent. — varying  according  to  the  particular  aminoacid 
— is  recoverable,  it  can  hardly  be  recommended  for  quantitative 
purposes. 

Confirmatory  Tests. 

Leucin  cH3>^^-  ^^2-  CH,  (NH,).  COOH. 

1.  Very  dilute  copper  sulphate  gives  a  blue  colour. 

2.  Very  dilute  ferric  chloride  gives  a  red  colour. 

3.  Mercuric  salts,  in  the  presence  of  soda,  give  a  white 
precipitate. 

4.  Urea  Test. — Add  urea  in  slight  excess,  and  baryta  (not  to 
excess),  and  boil  till  ammonia  ceases  to  come  off.    Filter,  wash 

♦  More  if  necessary.    The  fluid  must  be  quite  alkaline. 
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with  water,  and  evaporate  down  filtrate  on  a  water-bath.  If 
necessary,  filter  again,  and  carefully  acidify  with  acetic  acid.  A 
crystalline  precipitate  will  appear,  insoluble  in  ether,  but  soluble 
in  alcohol  and  alkalies.  Melting-point,  205°  C.  It  crystallises 
out  from  alcohol  in  long  needles  of  isobutylhydantoic  acid. 
Detects  0"0i  gm.  leucin. 

5.  Scherer's  Test. — Evaporate  the  substance  in  a  drop  of  pure 
nitric  acid.  Dissolve  the  residue  in  a  few  drops  of  soda.  Warm 
in  a  platinum  capsule.  If  leucin  be  present,  an  oily  drop  will 
appear,  rolling  about  without  wetting  the  platinum. 

6.  The  aqueous  solution  is  Isevorotatory      =  -6-65°. 

7.  It  sublimes  on  heating,  and  gives  off  an  odour  of  ethylamine. 

Glycocoll  CH2  (NH2)  .  COOH. 

1.  Add  four  times  the  weight  of  the  substance  to  be  tested  of  alcohoUc 
solution  of  picric  acid.  Glycocoll  picrate  will  separate  out  on  cooling. 
Melting-point,  190°  C. 

2.  The  crystals  from  |3-naphthalene-sulphochloride  melt  at  159°. 

3.  Copper  sulphate  gives  a  blue  colour.    (C.,HjNO„),  Cu  +  HjO. 

4.  On  oxidation  with  H,0.,  glyoxylic  acid  and  formaldehyde  are  formed. 

5.  Ferric  chloride  gives  a  deep  red  colour. 

AsPARTic  Acid  COOH  .  CH  (NH2)  .  CH2 .  COOH. 

1.  Copper  acetate  gives  a  blue  crystalline  precipitate. 

2.  Strongly  acid  solutions  are  dextrorotatory  (a^  =  257°). 

3.  Melting-point,  270°. 

The  chief  interest  of  this  particular  substance  lies  in  its  association 
with  the  albumen  of  carcinoma  tissue.  It  may  constitute  as  much  as  5  to  10 
per  cent,  of  the  albumen  molecule  in  these  cases,  and  should  therefore 
possibly  be  met  with  in  the  fluids  of  carcinomatous  serositis.  In  its  detec- 
tion it  is  necessary  to  remove  the  other  monaminoacids  first.  Aspartic 
acid  is  an  essential  constituent  of  the  globulin  molecule. 

Before  passing  on  to  consider  the  purins  it  will  be  convenient 
to  describe  two  other  analytical  processes  which  are  of  use  in 
the  study  of  puncture-fluids,  though  not  available  for  routine 
work,  owing  to  the  time  which  is  involved,  and  the  absence  (so 
far)  of  any  definite  diagnostic  or  prognostic  deductions  to  be 
made  from  the  results. 

The  first  and  most  important  is  Hausmann's  method  of 
hydrolysis  of  puncture- fluids.  10  cc.  are  boiled  with  29  cc.  of 
concentrated  HCl  for  five  hours  on  a  sand-bath,  using  a  refiu.K 
condenser.    Saturate  the  residue  with  calcined  magnesia  and 
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distil  over  the  ammonia  into  decinormal  sulphuric  acid.  It  is 
more  safe  to  place  sufficient  magnesia  into  another  flask  and 
add  the  result  of  hydrolysis  through  a  funnel.  In  this  way  no 
gas  will  be  lost.  This  first  step  gives  the  amid-N.  As  soon  as 
distillation  is  complete  the  residue  is  dissolved  in  HQ,  brought 
down  to  a  small  bulk,  and  phosphotungstic  acid  added. 

After  24  hours  the  precipitate  is  washed  with  dilute  phos- 
photungstic acid,  acidulated  with  HQ  till  the  fluid  ceases  to  have 
a  yellowish  tinge. 

a.  Filtrate.  Make  up  to  500  cc.  and  Kjeldahlise  100  cc, 
to  get  the  monaminoacid-N . 

b.  Residue.  Dissolve  in  as  little  alkali  as  possible,  and  make 
up  to  a  definite  volume,  and  filter.  Kjeldahlise,  to  get  the 
diaminoacid-N. 

Schlosing's  Method  of  Estimating  Ammonia.* — 10  cc.  of  normal 
sulphuric  acid  is  placed  into  a  sporulating  dish  in  an  exsiccator,  and  10  cc. 
of  the  fluid  to  be  tested  is  placed  in  the  exsiccator.  50  cc.  of  milk  of  lime 
is  added  to  the  fluid  and  the  cover  rapidly  placed  in  position  (vaseline  joint). 

After  three  days  the  sulphuric  acid  is  titrated  with  5  soda,  using  methjl 

orange  as  indicator  (turns  yellow).  Everj;-  centimetre  of  the  soda  which 
is  used  in  titrating  less  than  32-6  signifies  -106  gm.  ammonia. 

The  Purin  Bodies,  and  Urea. — ^The  purin  bodies  have  been 
the  subject  of  careful  study  in  many  quarters,  and  it  is  un- 
necessary to  enter  into  any  description  of  them  other  than  the 
facts  about  their  occurrence  in  puncture -fluids. 

As  regards  urea,  this  may  be  tested  for  in  the  filtrate  from 
Table  A  by  pouring  the  filtrate  into  excess  of  95  per  cent,  alcohol. 
After  several  hours,  the  extract  is  evaporated  over  a  low  flame, 
re-extracted  several  times,  and  the  final  extract  dried,  when 
cold  a  few  drops  of  nitrate  acid  are  added,  and  the  typical  crystals 
of  urea  nitrate  are  searched  for  24  hours  later,  t 

The  addition  of  hypobromite  to  a  portion  of  the  original 
fluid  will  also  reveal  the  presence  of  urea  owing  to  the  efferves- 
cence which  results.  As  a  rule,  however,  there  is  so  little 
gas  evolved  that  an  estimation  of  the  amount  of  urea  is  not 
possible. 

*  Durig  gives  numerous  useful  little  practical  details  in  Biochem. 
Zeit.  iv. 

t  Salkowski. 
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TABLE  III 
Urea-content  of  Puncture-Fluids 


Absent  in. 


Faint  Trace  in. 


Trace. 


Decided  Amount  in. 


/"Thrombosis   of  Carcinomatous 


Portal  Vein 
Cirrhosis  of 

Liver 
Monol  obular 

Cirrhosis 
Toxic  Nephritis 
^  (-Sarcoma  of 
I  Omentum 
"  T  u  berculous 
Peritonitis 


c 

o 


Ascites  (2 
cases) 


V 


Pleural 
Effusion 
(3  cases) 


Single  Pleural  Effusion. 

Cardiac  Back-pressure  (2  cases). 

Empyema. 
Hydronephrosis. 
Peritoneal  Fluids : 
Cardiac  Back-pressure. 
Chronic  Peritonitis  (single). 

„  „      dueto  Cirrhosis 

of  Liver. 
Peritoneal  Cancer. 


Syphilitic  Cirrhosis  of  Liver,  i  -42% 
(Poljakoff). 

From  this  table  it  wiU  be  seen  that  urea  is  much  more  fre- 
quently present  in  cases  of  pleural  than  in  cases  of  peritoneal 
effusion.  The  presence  of  urea  in  purulent  fluid  such  as  empyema 
may  perhaps  be  expected  from  the  fact  that  pus  contains  so  many 
extractives,  in  virtue  of  the  cellular  elements  in  it  (see  Section  III.). 

The  practical  deductions  which  can  be  made  from  the  pre- 
sence of  urea  are,  however,  scanty.  Its  occurrence  in  various 
pleural  and  peritoneal  fluids  suggests  that  one  cannot  be  sure 
that  a  fluid  from  the  abdomen  is  from  a  hydronephrosis  just 
because  urea  is  present  in  it.  Probably  we  need  to  know  the 
amount  of  urea  present,  in  order  to  be  able  to  say  that  there  is 
more  than  ordinary  autolysis  (rather  than,  renal  secretion)  could 
account  for.    This  subject  is  again  referred  to  under  "  Renal 

Cysts  "  in  Section  III.  •  •  1 

The  purin  bodies  are  stated  by  Umber  to  occur  m  mmunal 

traces  in  exudates. 

They  are  best  separated  by  precipitating  the  phosphates 
with  ammoniacal  Ludwig's  magnesia  mixture,  and  then  addmg 
0-5  per  cent,  silver  nitrate  in  50  per  cent,  ammonia  to  the  filtrate 
The  precipitate  is  placed  on  an  ash-free  fUter-paper,  and  washed 
till  the  filtrate  is  no  more  alkaline.  The  residue  is  boiled  m  a 
Kjeldahl  flask  with  water  and  some  magnesia,  and  is  then 
Kjeldahlised.  In  this  way  the  nitrogen  of  the  purms  is  estimated 
The  uric  acid-nitrogen  is  also  determined  in  another  portion  of 
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fluid,  and  the  difference  between  the  two  values  gives  the  nitrogen 
of  the  purin  bases. 

The  time  involved  in  separating  out  the  individual  purins  is 
not  profitably  spent  in  connection  with  puncture-fluids.* 

Confirmatory  Tests. — I.  Burians'  Test. — Make  the  solution  alkaline  with 
soda,  and  add  a  solution  of  diazobenzenesulphonic  acid.  An  intense  red 
colour  results.    (Cf.  Test  6  for  tyrosin,  p.  35.) 

2.  Weidel's  Test. — A  small  portion  is  evaporated  in  a  porcelain  basin 
with  freshly  prepared  chlorine  water,  and  when  dry  the  basin  is  inverted 
over  an  open  ammonia  bottle.  If  purLns  are  present,  a  red  or  purplish  red 
colour  will  appear,  turning  violet  when  warmed  with  a  little  potash.  In 
place  of  chlorine  water,  hydrochloric  acid  and  a  small  quantity  of  potassium 
chlorate  may  be  added. 

Reaction  :  xanthin  =  alloxan  +  NH ,  =  murexid  reaction. 

3.  Nitric  Acid  Test. — If  the  fluid  be  heated  with  strong  nitric  acid  and 
evaporated  to  dryness,  the  residue  treated  with  soda  gives  a  violet  or  purple 
red  (turning  indigo-blue  when  dry). 


TABLE  IV 
Purins  in  Puncture-Fluids 


Present  in 

Absent  in 

Chronic  Pleural    Effusion  (non- 
tuberculous) 

Simple  Chronic  Peritonitis 

Pleural 
effusion 

Peritoneal 
fluid 

Tuberculous 

Transudatory 

Empyema 

'Thrombosis  of  Portal  Vein 
Cirrhosis  of  Liver 
Sarcoma  of  Omentum 
Peritoneal  Carcinomatosis 

.Cardiac  Failure. 

From  this  it  will  be  seen  that  purin  bodies  are  really  only 
rarely  met  with,  at  any  rate  in  appreciable  amount.  If  they 
only  occur  in  infinitesimal  quantities  it  is  certain  that  the  amount 
of  fluid  available  in  the  cases  detailed  was  not  great  enough  to 
allow  of  the  detection  of  these  bodies. 

The  Sugars. — ^The  presence  of  levulose  was  discovered  by 
Pickardt,  who  found  it  present  in  very  many  ascitic  and  peritoneal 
fluids,  as  will  be  seen  in  the  table  on  page  150.  The  method 
advocated  for  its  detection  has  nevertheless  failed  to  show  its 
presence  in  several  of  the  fluids  examined  by  me. 

The  method  to  be  adopted,  where  an  estimation  of  the  amount 

*  The  same  applies  to  Kriiger  and  Schittenhelm's  method,  though  in 
the  case  of  faeces  its  value  is  different. 
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of  reducing  body  is  desired,  is  as  follows :  After  concentrating  the 
filtrate  from  albumen,  the  fluid  is  boiled  five  minutes  with  half 
as  much  98-per-cent.  alcohol  as  there  was  of  original  fluid.  Cool 
and  filter.*  The  filtrate  (or  mixture  of  alcoholic  filtrates)  is 
decolorised  with  animal  charcoal.  The  amount  of  reducing  sub- 
stance in  one  portion  may  be  estimated,  and  the  amount  of 
methylphenylhydrazin  necessary  can  be  calculated  from  this, 
adding  three  molecules  of  hydrazin  compound  to  each  molecule  of 
levulose  found.  This  substance  is  added  to  the  alcoholic  solution 
and  allowed  to  stand  some  hours,  and  the  filtrate  is  kept  at 
40°  for  twenty-four  hours  to  allow  the  ozazone  to  crystallise  out  f 
fructose  methylphenylglucosazone 

C.H,.OM-(CHOH) -C-CH:  N  .  N(CH3)CH5 
II 

N  N .  CH3  C„H3 

Confirmatory  Tests.— J.  When  boiled  with  resorcin  and  HCl.  a  red 
colour  soluble  in  alcohol  results  (Seliwanoff's  reaction.)  + 
2   It  is  Isevorotatory.    (od. =  -113-96°)- 

3.  In  presence  of  ethereal  salt  of  HBr  a  deep  purple  colour  appears 
(brommethylfurfurol).. 

4.  With  phenylhydrazine  it  gives  an  osazone  exactly  hke  glucosazone 
or  mannosazone  or  chitosaniinosazone. 

5.  It  ferments.  „ 
6  The  proof  is  the  finding  of  the  methylosazone,  which  melts  at  158- 

160°  C  If  the  crystals  have  a  reddish  colour  {being  impure)  they  may  melt 
at  153°.  Optically,  0-2  gm.  in  a  mixture  of  4  cc.  pyridin  and  6  cc.  absolute 
alcohol  will  rotate  1°  4°'- 

Pentoses— These  are  rarely  met  with. 

Conliymatory  Tests.-Vse  the  filtrate  from  Table  A  after  concentration- 
I   To  -05  gm.  orcin  dissolved  in  10  cc.  of  25-per-cent.  HQ  add  i  cc 
nf    o-ner-cent   ferric  chloride,  and  add  the  fluid  to  be  tested.  Shake- 
^hoJoughly  wWle  warming.    A  green  colour  will  appear  if  pentose  be  present. 

*  The  precipitate  consists  of  salts  and  a  littie  fructose  sometimes.  If 

coital!  wiu'be  found  to  separate  at  once  and  may  be  punfied  by  re- 

on  lyd^oly^f;  it  mefns  that'aketose  of  the  ^-^HO-ser^s  ^r-nt 
togatose,  galactose,  pseudo-fructose,  a-oxyglycuroic.acid.  cellulose  (filter 

paper !) 
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2.  It  does  not  ferment. 

3.  Spectrum  analysis.  Heat  with  fuming  HCl  and  phloroglucin  = 
cherry-red  colour,  giving  a  dark  band  between  D  and  E. 

4.  To  the  fluid  add  i  part  p-bromphenylhydrazin,  3^  parts  50-per-cent. 
acetic  acid,  and  12  parts  water  =  bromphenylhydrazone. 

5.  Heat  with  i  vol.  xydidin,  i  vol.  glacial  acetic  acid  and  \  vol.  alcohol. 
An  intense  red  of  furoxylidin  is  produced. 

The  Diaminoacids. — Lysin  and  Arginin. — Umber  has  only 
found  faint  traces  of  diaminoacids  in  exudates,  but  probably  they 
are  only  occasionally  present  in  puncture-fluids.  Their  separa- 
tion is,  however,  a  matter  of  some  importance,  because  with  this  is 
bound  up  the  question  of  the  residual  nitrogen,  to  which  interest 
is  attached  in  reference  to  pathological  metabolism. 

TABLE  C.    SEPARATION  OF  DIAMINOACIDS 

Add  phosphotungstic  acid  till  the  fluid  is  only  just  alkaline. 
An  excess  of  acid  must  be  avoided  in  order  to  prevent  albumen, 
albumoses,  nucleo-albumens,  etc.,  from  coming  down. 


The  precipitate  *  is  made  up  of  only  diaminoacids,  uric  acid 


upoi  only  aiaminoacids,  uric  acid,  purins,  and  phosphates, 
bhake  with  boilinp  baryta  water. 


=  phos- 
phates. 


J                        The  Solution  is  divided  into  two  parts  : 

A 

Neutralise  with  HjSO^. 

B 

Pass  in  CO2  and  boil. 

Precipitate 

=  BaSO^. 


Solution. 


Neutralise 
with  HCl 
and  add 
alcohol. 

Precipitate 
=  lysin 
chloride. 


Add  AgNOj  and 
then  baryta  water. 
Pass  in  CO.,. 


Precipi- 
tate = 
BaCO^. 


Solution 
concen- 
trated by 
boiling. 

Arginin 

will 
crystal- 
lise out. 


Precipitate 

=  baCoa. 


Solution. 

Add 
AgNO,  and 
filter. 

Concen- 
trate the 
filtrate 
and  add 
alcohol. 

Lysaiinin 

will 
crystallise 

out. 


Alternative  Method.—kcmy  the  solution  with  dilute  HCl 
dry  on  a  water-bath,  dissolve  the  residue  in  alcohol,  and  add 

subL^c wTh'J'"".  °^  f^'^^"""  °^  P>-ecipitatc  which  remains  after 
caUed  2  1!?   V  °^        ^"^"^"'^^^        the  nitrogen  of  the  purins  i: 

called  residual  mtrogen,  and  it  is  determined  by  the  use  of  Kjeldahl's  method 
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concentrated  alcoholic  picrolonic  acid  till  no  more  precipitate 
falls  (cholin,  neurin,  lysin).  The  crystals  may  be  studied  and 
identified  (melting-point,  e.g.). 

Lysin  gives  brilliant  yellowish  orange  prisms  with  platinum 
tetrachloride  (a  platinum  double-salt). 

The  Residual  Nitrogen.— Attention  to  the  amount  of 
residual  nitrogen,  not  only  in  blood  but  in  various  effusions,  was 
especially  drawn  by  Neuberg  and  Strauss.    After  rernoval  of 
albumen,  the  amount  of  nitrogen  which  is  precipitable  by  phos- 
photungstic  acid,  as  also  the  amount  which  is  not  precipit- 
able by  that  reagent,  are  determined.    These  authors  make 
the  definite  assertion  that  by  the  use  of  a-naphthylisocyanate 
(CO  N  CoHt)  there  is  no  risk  of  finding  an  aminoacid  which 
was' preformed  in  the  albumen  molecule.    The  cases  may  be 
divided  into  the  following  three  groups  :  ,  .  , 

I  Where  the  nitrogen  of  the  amino  compound  is  less  than 
o-^  per  cent  This  group  includes  cases  of  subcutaneous  oedema 
associated  with  tubal  renal  disease,  as  well  as  similar  cases  asso- 
ciated with  cardiac  incompetence.  ■ 

-7  Where  the  amino-nitrogen  lies  between  0-5  and  i  per  cent 
_as' occurs  in  pleural  exudates  (0-56  per  cent.),  cardiac  and 
renal  cases  (0-65,  o'Si  per  cent.),  and  ma  case  of  Banti's  disease 

(0-62  per  cent.).  ™  . 

.  Where  the  amino-nitrogen  lies  above  i  per  cent.    This  has 
been  found  in  a  case  of  ascites  associated  with  cirrhosis  of  the  liver. 

GlycocoU  is  never  found  in  subcutaneous  cedema  fluid,  or  m 
cases  of  cardiac  back-pressure. 

The  Oxyaminoacids.-The  only  member  of  this  group 
which  calls  for  attention  is  Tyrosin,  which  is  not  rarely  met  with 
in  association  with  leucm.    Its  presence  has  been  r-orded  m 
the  peritoneal  fluids  in  cases  of  alcoholic  cirrhosis  of  the  liver. 
*  Axninoacids  inalkaline  solution  react  rapidly  with  a-riaphthylisocya^^^ 
Ammoaci  s  minutes  and  then  left  to  stand  for  a 

1%  to  tL"    oui^^^^^^^^  dinaphthylurea  is  filtered  off,  and 

half  to  three  quarters  01  corresponding  naphthylantoic  acids 

the  filtrate  -.defied  with  HCl^  ^^^^^^^Z,^^  ,f ,  Joluble.  are  formed. 

needle-hke  crystals  [(C,„H7  .  NH.       .  i^n,  the  tvrosin  derivative 

fractional  distihation. 
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This  substance  is  generally  identified  with  leucin.  The 
following  tests  may  be  used  : 

Confirmatory  Tests.~i.  MUlon's  reagent  gives  the  same  reaction  as 
when  used  for  proteids,  the  reaction  in  their  case  being  due  to  the 
presence  of  tyrosin  in  the  molecule.* 

2.  QuinoneTest— Add  dry  quinone  to  the  solution.  A  deep  ruby  colour 
forms,  turning  to  violet  red  on  adding  sodium  carbonate. 

3-  Piria's  Test.— Add  sodic  sulphate,  pour  this  into  water  and  neutralise 
with  barium  carbonate.  Filter,  add  a  drop  of  neutral  ferric  chloride, 
wnen  a  beautiful  violet  colour  appears. 

4.  Aldehyde  Test— Acidify  with  H50,  (2  cc.)  and  add  aldehyde  (four  drops 
of  30-per-cent.  alcoholic  solution).  A  carmine  colour  forms  (condensation 
product),  giving  an  absorption  band  covering  green  and  nearly  all.  the  yellow. 

5.  Formol  m  the  presence  of  H  SO,  gives  a  brownish  yellow  colour 
on  heating,  and  on  boiling  with  t^vice  its  bulk  of  glacial  acetic  acid  it  turns 
green  (Deniges'  test). 

(Morner's  Test.-Solid  substance  added  to  i  vol.  formalin,  45  vols  " 
Totr  oTbo'ilint)  ■  ^"^P^"'^*'^  ^^-^  -  P~nt  green 

6.  Diazobenzenesulphonic  acid,  in  the  presence  of  potash,  gives  a  red 
colour.    (The  only  fallacy  to  this  test  is  L  presence  of  histldt^) 

GLYCOPROTEIDS 

The  diagnosis  of  a  puncture-fluid  from  an  ovarian  cyst  is 
occasionally  necessary,  so  that  it  is  important  to  discuss  the 
properties  of  those  substances  which  lend  a  distinctive  character 
to  the  contents  of  ovarian  cysts  from  a  chemical  point  of  view 

whiVh  r^"'/"'''  °^  '^''^  glycoproteids  is  pseudo-mucm, 

which  was  first  carefuUy  studied  under  the  name  of  metalbumen 
by  Hammarsten  m  1883.  It  is  so  called  because  it  is  not  precipi- 
tated by  acetic  acid,  and  yet  has  a  mucinous  consistence  The 
presence  of  allied  substances  in  the  peritoneal  fluid  and  in  the 

S3  b  t  /"f"    ^^'^'^^^        °-  °f  -^d-i 

interest,  but  also  of  interest  to  the  diagnostician. 

Glycoproteids  are  substances  which  contain  a  carbohydrate  ' 
radicle  mostly  m  the  form  of  glucosamm)  attached  to  the  p'rote  d 

oT?h  '  ^"^^^  "^^^^  '-  the 

named  f  substances  above 


Pro  eS"turmTn?^ .'"^^^'''^  ^-'^'^  "Chemistry  of  the 
•only  scanty  L'ce'^^lSr  so^Vf""'^  ^--<^«on  find 

iully  into  it  '°  ^°<^1^  i^^f^ificd  in  entering  thus 
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Glucosamin  is  dextrose  with  the  H  atoms  of  one  of  the  two 
CHoOH  groups  replaced  by  an  amino  group  {NH2),  so  that  it 
forms,  as  E.  Fisher  pointed  out,  a  Unk  between  carbohydrate  and 
proteid.    The  reactions  of  this  substance  are  :  ^  ,  ,  ,  , 

I  The  MoUsch  reaction  is  positive  (alcohoUc  a-naphthoi  iol- 
lowed  by  strong  sulphuric  acid,  gives  a  violet  colour  which  is 
turned  yellow  by  alcohol,  ether,  or  potash). 

2.  It  does  not  ferment  with  yeast. 

3.  It  gives  Trommer's  test. 

A  It  gives  a  glucosazon  melting  at  202°  C. 

t  It  gives  EhrHch's  glucosamin  test  after  adding  an  alkali 
such  as  baryta,  and  then  warming.    (This  test  consists  in  a  red 
cofou?  obtained  on  adding  a  2-  to  5-per-cent.  solution  of  ^dune- 
thylaminobenzaldehyde  dissolved  in  normal  hydrochloric  acid 
till  acid.) 

TABLE  D.    SEPARATION  OF  GLYCOPROTEIDS 

To  the  fluid  add  three  times  its  bulk  of  absolute  alcohol.    Shake  occasionally. 


Portion  i 
Allow  to  stand  24  hours. 


Precipitate. 

Shake  with 
slightly  alkaline 
distilled  water. 
Filter. 


Resi- 
due. 

not  re- 
quired 


Fil- 
trate. 

Test 
for 
Pseudo 
mucin 


Solu- 
tion. 

not  re- 
quired 


Portion  2 
Allow  to  stand  2  to  3  months, 
then  evaporate  the  alcohol  at 
40°  C. 


Precipitate. 

Shake  with 
slightly  alkahne 
distilled  water. 
Filter. 


Resi- 
due, 
not  re- 
quired 


Solu- 
tion. 

not  re- 
quired 


Fil- 
trate 

Test  for 
Cholin, 
Lecithin, 
Mucin 


Portion  3 
Filter  at  once. 


Precipitate. 
Shake  with 
distilled  water. 
Filter. 


Resi- 
due. 

not  re- 
quired 


Fil- 
trate. 

Add  to 
solution, 
or  test 
separate- 
ly for 
albu- 
moses 


Solu- 
tion. 
Test 
for 
Mt)u- 
moses. 
Mucin. 


•    /TT   Kor^    This  has  been  found  in  peritoneal 
Serosamucin  (Umber).-ihis  nas  d  dis- 
fluids  due  to  inflammatory  processes  oi  to  new  gvo^ 


acid. 
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semination.  The  substance  will  come  out  of  solution  if  to  the 
de-albuminised  fluid  a  small  quantity  of  very  dilute  acetic  acid 
is  added.  The  precipitate  will  have  the  following  reactions  and 
properties  : 

1.  Let  one  drop  of  solution  drop  from  a  glass  rod  into  a  loo-cc.  measure 
of  distilled  water  to  which  a  couple  of  drops  of  glacial  acetic  acid  have  been 
added.  A  cloud  will  appear  if  serosamucin  be  present.  The  precipitate 
is  soluble  in  moderate  excess  of  acid,  and  is  reprecipitated  by  further 
dilution,  while  it  may  be  redissolved  by  rendering  the  fluid  neutral  or 
slightly  alkaline  (Rivalta's  test). 

2.  It  contains  a  minimal  amount  of  reducing  substance. 

3.  It  is  precipitated  by  alkaloidal  reagents,  such  as  potassium  ferro- 
cyanide,  nitric  acid,  copper  sulphate,  ferric  chloride,  lead  acetate. 

4.  It  is  precipitated  by  an  equal  volume  of  saturated  ammonium 
sulphate. 

5.  It  gives  the  biuret  reaction. 

6.  It  gives  MOlon's  reaction. 

7.  It  gives  the  xanthoproteic  reaction . 

8.  It  gives  a  strong  furfurol  reaction  (Molisch  reaction). 

9.  It  gives  Adamkiewitz'  reaction. 

10.  It  gives  Liebermann's  reaction. 

11.  It  is  not  coagulated  when  boiled  in  neutral  solution. 

12.  It  is  not  separated  by  dialysis. 

13.  It  forms  a  precipitate  when  digested  with  pepsin. 

14.  It  gives  an  absorption  band  in  orange,  and  slight  darkening  to  the 
left  of  red  when  treated  with  orcein  hydrochloric  acid,  and  extracted  with 
amyl  alcohol,  possibly  indicating  pentoses  or  glycuronic  acid 

The  percentage  of  nitrogen  and  sulphur  has  been  remarked  on  by 
Umber  as  showing  the  body  to  belong  to  the  mucins. 

The  question  as  to  the  nature  of  this  substance  is  still  unsettled 
Whereas  Umber  considered  it  to  be  a  mucin,  though  not  a  true 
mucin,  because  it  contains  too  much  nitrogen,  Langstein  objected 
to  this  view,  on  the  ground  that  a  reducing  substance  can  be 
obtained  from  all  proteids.  Stahelin  considers  the  body  to  be 
related  to  globulin,  since  it  possesses  similar  solubilities,  and  is 
precipitated  by  half  saturation  with  magnesium  sulphate,  and  is 
not  separated  out  by  dialysis. 

A  similar  discussion  has  been  raised  about  the  mucin  of  the 
urine,  which  was  once  regarded  as  a  mucin,  then  as  a  body  re- 
lated to  Bence  Jones'  proteid,  then  as  a  globulin,  then  as  a  nucleo- 
albumen,  then  as  nucleohiston.  Stahelin  believes  the  urinary 
substance  to  be  identical  with  that  of  the  peritoneum,  and  with 

iLd  It  as"  7  ^'""^''^  --ntly. 
regard  it  as  a  mixture  of  euglobulin  and  pseudo-globulin.  That 
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it  is  not  a  histone  is  established  by  the  fact  of  its  yielding  no 
histone  even  after  treatment  with  0-8  per  cent.  HCl  for  days. 
Pseudo-mucin.— The  reactions  of  this  substance  are  : 

1.  On  boiling  with  a  small  quantity  of  dilute  sulphuric  acid  the  fluid 
acquires  the  power  of  reducing  Fehling. 

2.  The  opalescent  filtrate  gives  a  turbidity  but  no  precipitate  on  boiling. 
r.   Acetic  acid  gives  no  precipitate.  . ,  . 

4.  Acetic  acid  and  potassium  ferrocyanide  render  the  fluid  viscid  and 
impart  a  yellow  coloration  to  it. 

=;  Millon's  reagent  gives  a  bluish  red  colour  on  boiling. 

6   Glyoxylic  acid  *  followed  by  sulphuric  acid  gives  a  violet  coloration. 

Pseudo-mucin  has  been  fully  studied  by  Otori  in  order  to  determine 
what  decomposition  products  could  be  obtained  from  it  The  substance 
was  boiled  with  hydrochloric  acid  and  tin  chloride,  ^he  filtrate  ex- 
tracted with  ether,  the  fatty  acids  being  thus  removed  and  estimated 
ultimately  as  silver  salts.  SUver  sulphate  was  used  to  extract  h.stidin 
arginin,  and  lysin,  and  picrolonic  acid  was  used  to  obtam  argmm  and 

'"'Sfe "following  result  of  analysis  shows  the  various  derivatives  which 
have  been  found  in  pseudo-mucin,  and  which  are  therefore  presumed  to 
.occur  preformed  in  the  pseudo-mucin  molecule  : 


loo  parts  pseudo-mucin  yield. 


On  splitting  up  by 
H-.S04 
(grammes). 


On  splitting  up  by 
HCl  +  SnClj 
(grammes). 


07517 
00393 

0-  2875 
2-6389 

1-  089 
4-677 


0-  1275 

1-  971 

Present 

Not  estimated 

07333 
6056 


3239 
0-0250 

07773 
2-582 
0-4422 

4431 
0-146 

0-5945 

Trace 


Ammonia 
Guanidin 

Arginin  

Lysin  ... 

Tyrosin   

Leucin  ...     

GlycocoU   

Glutaminic  acid  ...   

Asparagic  acid  

Oxalic  acid   

Levulinic  acid    

Valerianic  acid  (?) 

Formic  acid   ,■■  ,  "j 

Acetic  acid,  Propionic  acid,  reckoned 

as  acetic  acid          .-•  ••■ 
Reducing  body,  reckoned  as  glucose 
Insoluble  humin  substances  

-  o.    ....  as 

.  Glyoxylic  add  is  f„pZ^^^^^^^^^'- 
aqueous  oxalic  acid.  Filter. 


0-765 
Present 

0-l6i 
0429 
7005 


LEEDS  &  WEST  RIDING 
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is  far  too  tedious,  but  it  is  important  when  there  is  a  need  to  be  certain  that 
a  given  mucinous  substance  is  or  is  not  identical  with  some  other  mucinous 
substance  already  known.  Briefly,  the  method  consists  in  separating  out 
the  substance  by  the  aid  of  alcohol,  after  which  it  is  treated  with  hydro- 
chloric acid,  and  freed  of  albumoses,  and  the  fluid  benzoylated  by  the  use 
of  benzoyl  chloride  and  soda  till  the  filtrate  ceases  to  reduce  Fehling.  The 
benzoyl  compound  is  dried  and  dissolved  in  hot  alcohol,  from  which,  after 
standing,  crystals  of  tetrabenzoylglucosamine  separate,  mixed  with  a 
certain  amount  of  pentabenzoylglucosamine.  The  crystalline  compound 
is  dissolved  in  alcohol,  precipitated  (cold)  and  redissolved  (heat),  and  then 
poured  into  excess  of  distilled  water  to  get  rid  of  inorganic  salts.  The 
purified  substance  is  heated  to  100°  C.  for  nearly  two  days  in  sealed  tubes, 
which  are  three  quarters  full  of  strong  HCl.  Crystals  will  then  be  found 
in  the  tube,  and  can  be  purified  by  the  use  of  ether,  and  dried  in  vacuo  over 
lime  to  get  rid  of  water  and  HCl.  A  brown  syrup  is  ultimately  obtained, 
which  deposits  glittering  rhomboidal  crystals  insoluble  in  alcohol,  soluble 
in  water  (a  fact  made  use  of  for  purifying  them).  The  following  table 
shows  that  the  crystals  are  practically  identical  with  other  glucosamins, 
and,  indeed,  one  may  say  that  the  mucinous  secretions  of  goblet  cells  in  any 
part  of  the  body,  be  it  in  the  air  passages,  or  in  the  intestine,  or  in  cysts, 
or  in  ovarian  tumours,  all  contain  the  same  form  of  glucosamin,  the  same 
form  of  reducing  substance. 

The  crystals  when  dissolved  in  water  are  dextrorotatory  and  readily 
reduce  Fehling. 


Table  showing  the  crystallographic  characters  of  glucosamin  as  obtained 
from  pseudo-mucin.  as  compared  with  that  obtained  from  other  sources 
(Schwanike' s  analysis)  : 


P  :  P 
no :  no 

c  :  r 
301 :  101 

c  :  q 

30I  :  on 

c  :  p 

joi :  no 

e  :  p 

loi  :  no 

e  :q 
rot  :  on 

P  :  q 

no  :  on 

P  :  q 
tro  :  on 

riobster 
Glucosamin  1  shells 
hydrochlo  'i  sputum 
ride  from  mucin 
'^egg  alb. 
Pseudo-mucin 

67=48' 

67°46' 
67=57' 
67°  53' 

67°oi' 

67°  04' 
66^56' 
67°  08' 

35°33' 

35°  18' 
35°  29' 
35°  25' 

59° 55' 

59°  53' 
59°  44' 
59^56' 

65°  20' 

65°  49' 
65°3i' 

71°  40' 

7'°35' 

84°  38' 
84=58' 

84~52' 

43°  09' 

42°  39' 
42°  5^' 
42'- 49' 

Paralbumen.— The  following  reactions  may  be  used  to 
identify  it  : 

1.  Salkowski  recommends  the  following  test:  A  few  drops 
of  alcohohc  rosolic  acid  are  added  to  25  cc.  of  fluid  and,  after 
boihng,  drops  of  decinormal  H.SO,  are  added  till  the  colour 
becomes  yellow.  If  the  filtrate  after  boiling  is  cloudy,  there  is 
paralbumen  present.  ^ 

excess^tth  l^'r' m"' '''"^'^"^  °f  ^l^^hol  in 

excess,  with  hydrochloric  acid  (i  in  3),  and  boil.    On  cooling. 
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Trommer's  test  is  applied  and  the  test  tube  left  in  water.    A  red 
precipitate  means  paralbumen  or  mucin. 

3.  Acetic  acid  does  not  precipitate  the  paralbumen. 

Mucin— The  reactions  of  mucin  demand  a  brief  consideration 
in  order  that  it  may  be  distinguished  frompseudo-mucin,  for  this 
is  important.  Its  distinction  from  nucleo- albumen  hes  m  the  fact 
that  the  latter  contains  phosphorus  and  does  not  reduce  Fehlmg 
after  hydrolysis  *  while  mucin  contains  no  phosphorus,  and  does 
yield  a  reducing  body. 

Other  properties. -X.  Swells  up  in  water  into  a  slimy  mass. 

2   Is  precipitated  by  acetic  acid,  insoluble  m  excess. 

I  The  solution  is  clarified  by  very  dilute  soda.    If  neutral,  boilmg  w,ll 

not  precipitate  it.^^^^  an  alkali  converts  it  into  animal  gum 

5:  In  tissues  it  is  recognised  by  staining  with  thionm  and  tolmdme  blue. 

The  significance  of  the  presence  of  mucin  in  a  fluid  is  that 
it  indicates  an  origin  either  from  a  mucous  surface  or  from  some 
tissue  which  possesses  goblet  cells.  Therefore  if  Present  in 
peritoneal  fluid  it  means  that  there  must  be  secondary  growths 
from  a  papuliferous  or  colloid  tumour,  or  that  the  fluid  obtained 
by  puncture  has  come  from  within  a  papillomatous  cyst  of  the 

''''In  the  diagnosis  of  this  substance  one  has  to  bear  in  mind  the 
following  errors  or  sources  of  error  : 

In  the  first  place,  serosamucin,  which  has  some  similar 
reactions,  may  occur  in  an  inflammatory  peritoneal  fluid.  _ 

In  the  second  place,  both  sputum  and  saliva  may  contam 
mucin  and  if  present  as  impurity,  would  lead  to  an  erroneous 
Sarosis  unless  the  possibility  of  such  contamination  be  excluded. 
Wherras  submaxillary  mucm  contains  .3-5  per  cent^  glucc.am.n 
the  mucin  from  a  mucous  membrane  contams  35  per  cent,  ot 

all  cannot  be  used  eUnicaUy  for 

differentiating  the  mucins. 

„;p1H  a  reducing  substance  after  hydrolysis, 
mother  bodies  "-^J^^^™,' Jeleins  do  so.  and  also  yield  an 
especially  with  sulphuric  acid.    Thus^  p^^^^  Taranucleins  are  nuclcins 

STLm^^S^-n  SSstr^esence  of  acids,  while  true  nucleins 


do  so. 
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A  substance  allied  to  mucin  has  been  described  as  occurring 
in  the  blood  by  Zanetti,  Eichholz,  and  others. 

The  chief  difficulty,  however,  lies  in  differentiating  mucin 
from  mucoids,  which  include  colloid  substance,  pseudo-mucin, 
and  paralbumen.  However,  pseudo-mucin  is  not  precipitated 
by  acetic  acid,  though  it  comes  down  readily  in  the  presence  of 
excess  of  absolute  alcohol. 

The  reactions  of  this  body  have  been  given  above. 

The  paramucin  of  Mitjukoff  is  a  jelly-hke  mass,  and  con- 
sequently hardly  calls  for  consideration,  though  it  is  often  found 
in  ovarian  cyst.  It  differs  from  pseudo-mucin  in  reducing  Fehling 
without  previous  treatment  with  acid. 

Paralbumen  is  only  imperfectly  precipitated  by  acetic  acid, 
and  is  supposed  to  be  really  pseudo-mucin  with  albumen  as  an 
impurity. 

The  mucin  of  bile  is  regarded  by  Landwehr  as  a  globulin 
mixed  with  bile,  salts,  while  Paijkull  regards  it  as  a  nucleo- 
albumen. 


TABLE  V 
Mucins  in  Puncture-Fluids* 


Absent  in 

Present  in 

Pleural 

'2  Tuberculous  Pleurisies 
Effusion  secondary  to  Ab- 
dominal Cancer 
Renal 

"  Idiopathic  "  effusion 
^'Cardiac  Failure  (4  cases) 

3  Tuberculous  Pleurisies 
Empyema  (2  cases) 

Pericardial,  Cardiac  Failure 

Peritoneal  • 

'Cardiac  Failure  (3  cases) 

Renal  Disease  (3  cases) 

Sarcomatosis 

Gastric  Cancer 

Pancreatic  Cancer  (not 
invading  peritoneum) 

Cirrhosis  of  Liver  (2  cases) 
^Tubercular  Peritonitis 

Carcinomatosis 
Cardiac  Failure  (i  case) 

,,        +  Renal  Disease  (i  case) 

Renal  Disease 

Simple  Chronic  Peritonitis 

Broad-ligament  Cyst 

Ovaiian  Cysts  (4  cases) 

*  Not  necessarily  "  serosamucin." 
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LECITHIN 

The  chemistry  of  lecithin  is  gradually  becoming  more  de- 
fined, and  the  fact  that  there  are  many  substances  present  in 
the  body  which  can  be  grouped  under  the  name  of  "  lipoids  " 
or  of  "  phosphatids,"  taking  lecithin  as  a  basis,  is  being  realised 
as  a  result  of  several  recent  important  researches.  There  is, 
in  addition,  an  increasing  knowledge  of  the  physiological  and 
pathological  properties  of  this  substance.  Since  this  literature 
is  largely  inaccessible  to  the  general  reader,  it  may  be  usefully 
discussed,  with  especial  reference  to  the  influence  which  the 
properties  of  lecithin  have  on  the  nature  and  constitution  of 
puncture-fluids. 

The  importance  of  lecithin  is  shown  by  the  following  dis- 
coveries :  It  plays  a  somewhat  obscure  part  in  the  processes  of 
immunity  ;  thus  it  is  essential  to  cobra- venom  in  the  hsemolytic 
process  characteristic  of  poisoning  by  snake-bite.*    It  plays  an 
important  part  in  the  process  of  production  of  ansesthesia,  since 
it  is  assumed  that  lecithin  renders  the  antesthetic  readily  per- 
meable into  nerve-cells,  and  calculations  have  been  made  by 
which  laws  governing  the  distribution  of  ansesthetic  over  nerve- 
cells  could  be  formulated,  t    Thirdly,  lecithin  is  presumably 
the  source  of  cholin  (see  p.  170),  whose  presence  in  cerebrospinal 
fluid  has  been  found  by  Halliburton  to  be  pathognomonic  of 
organic  nervous  disease.    Fourthly,  lecithin  is  an  essential  con- 
stituent of  all  growing  tissues  %  and  in  bone-marrow.  §  Fifthly, 
it  is  frequently  associated  with  cholesterin,  which  leads  one  to 
suspect  some  subtle  relation  to  exist  between  the  functions  of 
these  two  substances.    Their  association  recalls  the  phenomena 
of  symbiosis  in  living  organisms,  and  there  are  several  observa- 
tions in  the  literature  which  show  that  the  two  substances  may 
act  in  combination  better  than  when  kept  separate.    Thus,  both 
bodies  may  take  a  part  in  the  hsemolytic  action  of  bile.||  Sixthly, 
the  suggestion  that  pseudo-globulin  retards  the  action  of  certain 
lysins  may  be  brought  into  line  with  Joachim's  discovery  that 
lecithin  is  mainly  attached  to  the  pseudo-globulin  fraction  in 
ascitic  fluids  (and  therefore  presumably  also  in  the  blood-serum). 
*  Morgenroth  ;  Keys. 

t  Researches  on  the  distribution-coefficient  by'Overton. 

+  Franchini.  §  Otolski ;  Glikin.  II  Gustav  Bayer.  j 
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Lastly,  the  important  discovery  has  recently  been  made  by 
Forges  that  if  a  0-2  per  cent,  aqueous  suspension  of  lecithin  be 
added  in  equal  volume  to  the  blood-serum  of  a  syphilitic  subject, 
there  will  appear  a  fiocculent  precipitate  after  five  hours'  incuba- 
tion at  37°C.  The  reaction  has,  so  far,  never  been  obtained  in  the 
case  of  a  non-syphilitic  subject. 

Some  of  these  points  demand  further  consideration.  Thus,  we 
may  refer  to  the  presence  of  lecithin  in  growing  tissues,*  among 
which  a  developing  hen's  egg  forms  a  suitable  example,  for  its 
yolk  contains  a  large  quantity  of  lecithin,  and  may  be  said  to  be 
a  repository  for  that  substance. 

The  growing  embryo  within  this  egg  contains,  of  course,  a 
large  quantity  of  nucleic  acids  in  the  cells  which  are  so  rapidly 
being  formed,  and  it  becomes  of  interest  to  study  the  formulae 
of  nucleic  acid  and  lecithin  in  order  to  ascertain  if  there  be  any 
sort  of  relation  between  them.  If  we  take  a-guanylic  acid  as  an 
example  of  a  nucleic  acid  since  a  graphic  formula  of  this  substance 
has  been  made  out  by  Bang  and  Raaschon,  we  have — 

Lecithin. 

OH 

I 

C,H,N(CH3)30H-0-P.-0-C3H,=(C„H,n-,0,), 
II  fatty  acid. 

o 

n-GuANYLic  Acid. 

OH  OH 

\/ 

C5H,N5-0-P-0-C3H.(OH) .  C,H,0, 
guanidin.  |  pentose. 

o 

CjH.Ns-O— P-0-C,H5(0H) .  C^HgOs 

/\ 
O  O 
\/ 

CsH^Nj-O-P-O-C^HsiOHlCsHgOj 
6 

C,H,N,— O-  P-O— C3H5(  OH  jCjHgOs 

/\ 
OH  OH 

The  symbols  printed  in  thick  letters  will  show  at  once 

*  It  is  most  likely  that  much  of  the  confusion  which  has  arisen  as  to 
the  precise  constitution  of  lecithin  is  due  to  its  having  been  mainly  studied 
in  this  material  rather  than  in  the  various  adult  tissues. 
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how  the  formula  of  lecithin  can  be  fitted  into  that  of  the 
nucleic  acid,  or,  more  correctly,  that  the  two  substances  are  built 
up  in  a  similar  manner,  so  that  the  nucleic  acid  might  readily 
give  rise  to  lecithin  in  the  course  of  metabolic  breakdown.  It 
will  thus  be  seen  that  we  have  here  only  another  example  of 
what  must  be  going  on  all  over  the  body  during  life,  producing 
the  redundancies  of  physiological  chemistry,  since  a  few  sub- 
stances of  very  complex  constitution  will  suffice  to  allow  of  the 
appearances  of  an  endless  number  of  breakdown  products 
(vital  as  well  as  laboratory)  which  might  be  looked  upon  either 
as  post-  or  pre-formed  in  the  molecule.  It  is  the  determination 
of  whether  we  are  dealing  with  the  one  or  the  other  which  is  the 
most  difficult  of  the  problems  of  physiological  chemistry. 
But  enough  has  been  said  on  this  subject  in  the  first  few  pages. 

The  interest  which  the  decision  of  the  structure  of  the  lecithin 
molecule  has  to  us  just^at  present  lies  in  the  fact  that  those  two 
formulae  allow  us  to  understand  (vaguely,  it  is  true)  the  vital 
part  which  lecithin  plays.  It  is  remarkable  to  find  that  lecithin 
has  a  considerable  tenacity  of  its  complex  structure  as  long  as  it 
remains  part  and  parcel  of  the  living  cell. 

An  additional  fact  about  the  physiology  of  lecithin  is  supplied 
by  other  recent  researches,  namely,  that  it  plays  a  part  in  the 
assimilation  of  food-substances  and  in  the  development  of  cell- 
ferments.  There  has  been  found  a  marked  similarity  in  the 
interaction  between  ferments  and  lecithin  to  that  between 
ferments  and  mastic. 

The  existence  of  lecithin  in  bone  marrows  suggests  an  explana- 
tion for  the  undoubted  effect  which  X  rays  have  in  the  treatment 
of  leucocythsemia. 

In  order  to  arrive  at  a  conception  of  the  chemistry  of  lecithin  it  will 
be  convenient  to  discuss  the  subject  from  the  historical  point  of  view. 

There  are  two  periods  in  the  development  of  the  knowledge  of  this 
subject,*  a  pre-Thudichum  period,  and  f  the  period  started  by  Thudichum. 
We  may  say  that  although  fatty  substances  containing  phosphorus  were 
known  to  Fourerv,  Vauquelin  (1793).  Couerbe,  and  Freny  (1840),  the  name 
lerithin  was  not  invented  till  Gobley  had  made  his  investigations  (1846)  on 
egg-yolk,  whence  he  obtained  glycerophosphoric  acid.  Four  years  later 
Liebreich  had  come  to  consider  that  a  body  which  he  called  "protagon 
must  be  the  mother-substance  of  lecithin,  a  conception  which  finished  in 
a  complete  proof  as  a  result  of  modern  research  of  the  fact  that  there  is  no 

*  Danilewsky.  f  Michaelis  and  Rona. 
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entity  "  lecithin,"  but  that  there  arc  a  number  of  different  fatty  phosphorus  • 
containing  bodies  present  in,  say,  nerve-substance,  but  yet  able  to  be 
isolated  by  suitable  procedures. 

In  and  about  the  year  1846  we  find  several  names  prominent  in  the  story 
of  the  research  into  lecithin — Hoppe-Seyler,  his  pupils,  Diakonow  and 
Stecker.  These  observers  showed  in  the  first  place  that  protagon  was  not 
the  only  phosphorus-containing  substance  in  the  body,  and,  in  the  second 
place,  they  not  only  obtained  pure  lecithin,  but  also  showed  how  cholin  and 
glycerophosphoric  acid  combine  to  form  lecithin  when  in  association  with 
oleic  acid. 

In  1876  we  come  to  the  second  period  of  study,  when  Thudichum  began 
to  publish  his  researches,  ultimately,  in  1901,  culminating  in  a  most  thorough 
account  of  all  the  phosphorus-containing  fats  which  occur  in  the  brain. 
He  grouped  them  all  under  the  heading  of  "  phosphatids,"  and  subdivided 
these  into  cerebrosides,  cerebrinazids,  and  amidolipoids.  Although  this 
investigator  planned  out  methods  of  quantitative  analysis  and  means  of 
distinguishing  all  these  bodies,  and  although  he  adversely  criticised 
Bergell's  suggestion  that  phosphatids  could  be  estimated  as  cadmium  com- 
pounds, it  may  be  safely  said  that  neither  Thudichum  nor  any  one  else 
has  yet  succeeded  in  devising  a  scheme  for  quantitative  analj'sis  which 
is  above  criticism.  The  methods  which  can  be  adopted  are  only  endowed 
with  approximate  accuracy. 

Perhaps  the  presence  of  -jeconn  *  in  the  mixtures  in  which  lecithin  has 
been  sought  wCl  explain  to  some  the  confusion  which  has  arisen  in  the 
quantitative  analyses.  We  must,  however,  regard  all  opinions  about^these 
bodies  as  at  present  only  temporary,  merely  remembering  that  the  word 
"  lecithin  "  does  not  represent  an  entity,  but  represents  many  closely  allied 
substances. 

The  difference  between  one  lecithin  and  another  which  has 
been  utihsed  by  Erlandsen  as  a  basis  for  classification  consists 
in  the  ratio  which  the  nitrogen  bears  to  the  phosphorus.  We 
may  then  arrive  at  the  following  classification  of  lecithins  : 

1.  Monamido-monophosphatids  (N  :  P  =  i  :  i),  e.g.  lecithin, 
cephalin.    These  contain  two  fatty  radicles. 

2.  Monamido-diphosphatids  (N  :  P  =  i  :  2),  e.g.  cruorin— 
three  fatty  radicles  (unsaturated  and  easily  oxidised)  -f  glycero- 
phosphoric acid  -f  alkaloid-like  base. 

3.  Diamido-monophosphatids  (N  :  P  =  2  :  i),  e.g.  Thudi- 
chum's  amidomyelin  and  sphingomyelin.  These  only  occur  in  the 
body  combined,  say,  with  albumen  (lecithin-albumen). 

4.  Diamido-diphosphatids  (N  :  P  =  2  :  2). 

It  will  be  seen  from  these  varying  ratios  that  the  classification 
does  not  provide  us  with  a  means  of  determining  how  much  of 
each  variety  may  be  present  in  a  mixtui-e  of  phosphatids.  A 
*  Drechsel-Baldi.    This  substance  is  briefly  discussed  below. 
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complicated  series  of  separations  by  fractionation  with  acetone, 
ether,  and  alcohol  has  been  utilised  for  this  purpose,  and  the  only 
means  of  identifying  the  body  so  isolated  consists  in  the  ordinary 
tiltimate  organic  analysis.  Such  a  procedure  is  only  of  interest  to 
the  student,  and  for  this  reason  the  method  published  by  Stern 
and  Thierfelder  last  year  is  given  below. 

A  procedure  such  as  this  gives  a  fairly  correct  estimate  of  the 
amount  of  each  phosphatid  present ;  but  in  the  study  of,  say,  ascitic 
fluid  the  presence  of  so  many  nitrogenous  bodies  would  involve 
very  careful  preliminary  separations  in  order  to  arrive  at  anything 
like  a  pure  enough  substance  for  analysis.  Before  discussing  the 
methods  of  detection  and  analysis  the  following  account  of  the 
properties  of  lecithin  will  be  advantageous  : 

Properties  and.  Confirmatory  Tests. — Lecithin  is  a  monophos- 
phatid  which  can  be  obtained  in  the  form  of  a  very  hygroscopic 
mass  which  is  insoluble  in  acetone,  but  soluble  in  absolute  alcohol. 
It  can  be  thrown  out  of  its  alcoholic  solution  by  both  cadmium 
and  platinum,  in  the  form  of  addition-compounds. 

It  gives  Pettenkofer's  reaction  with  concentrated  H2SO4. 
It  melts  at  about  68°  C,  and  begins  to  decompose  at  70°  C.,the 
decomposition  products  depending  to  a  certain  extent  on  the 
exact  composition  of  the  lecithin.  While  on  the  one  hand  lecithin 
is  made  out  to  consist  of  cholin,  glycerophosphoric  acid  and  a 
fatty  acid,  the  latter  may  be  sometimes  distearic  acid,  sometimes 
palmitic  acid,  and  sometimes  dioleic  acid.  As  a  rule,  each  of  these 
occurs  in  one  given  sample  of  lecithin,  the  exact  proportions  vary- 
ing, and  giving  rise  to  variations  in  ultimate  analysis,  though 
differences  in  solubility  in  absolute  alcohol  enable  them  to  be 
separated  by  fractionation.  The  differences  in  content  and 
variety  of  fatty  acid  explain  some  of  the  differences  in  physical 
properties.  As  a  rule,  lecithin  is  a  waxy  mass  which  is  softer 
the  more  oleic  acid  there  is,  and,  on  the  other  hand,  special 
methods  of  extraction  and  purification  may  yield  it  in  the  form  of 
a  powder.  It  is  only  crystalline  when  salts  have  been  formed 
with  it,  the  crystals  being  generally  in  the  form  of  thin 
microscopic  hexagonal  plates. 

The  substance  may  also  have  allotropic  forms,  for  Thudichum 
distinguished  between  a  water-soluble  lecithin  and  a  lecithin 
insoluble  in  water,  the  latter  form  being  produced  if  it  be  extracted 
with  alcohol  and  dried. 
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Then,  again,  there  are  optical  differences  between  different 
forms  of  lecithin,  for  while  the  compound  as  usually  obtained  is 
dextrorotatory  (u^  24—  +  11 -3  — 11 '4°),  the  action  of  steapsin  on 
it  results  in  a  Isevorotatory  form.  But  besides  this  there  is  a 
racemic  form,  produced  by  heating  the  dextrorotatory  form  with 
ten  times  its  bulk  of  absolute  alcohol  for  5  to  6  hours.  This 
variation  in  optical  activity  has  been  explained  by  Ulpiani  in 
1901  by  the  following  formulae  : 


CH,-0- Fatty 

I  acid 
H.  CO -Fatty  acid 

I 

CH,-O.PO,H- 

Cholin 
Dextrorotatory. 


CH„-0- Fatty 
I  acid 
Fatty  acid -O-CH 

I 

CH,6-O.PO,H- 
Cholin 

Lsevorotatory. 


CH„-0 -Fatty  acid 
1" 

CH  -PO,,H- Cholin 

I 

CH2-O- Fatty  acid 
Racemic. 


The  racemic  form  is  seen  to  be  quite  symmetrical. 

Yet  another  consideration.  If  we  compare  the  formulte  of 
choHn  and  neurin  we  see  that  in  each  case  there  are  three  methyl 
groups  attached  to  the  nitrogen  of  ammonia,  whUe  in  cholin  the 

CH..-OH  CH„ 

I  '  II  ■ 

CH,-N-(CH3)3.0H  CH-N-(CH3)3.0H 
Cholin.  Neurin. 

remaining  H  atom  is  replaced  by  the  group  C2H1.  OH  instead 
of  by  C2H3,  which  completes  the  formula  of  neurin.  It  is 
reasonable  to  suppose  that  if  a  lipoid  (phosphatid)  can  be  formed 
of  cholin,  another  may  exist  which  is  formed  of  the  aUied  neurin. 
The  association  of  the  three  substances  in  the  phosphorus- 
containing  material  of  the  brain  suggests  that  they  may  all  be 
associated  and  possibly  may  be  all  in  some  kind  of  chemical 
association.  Not  only  this,  but  the  discovery  of  a  number 
of  bodies  allied  to  cholin  by  Kutscher  of  Marburg  (1907)  in 
the  urine,  opens  up  a  large  field  of  possibilities.  These  new 
bases  are  : 

I,  methylguanidin ;  2,  novain ;  3,  reductonovaine  (is  to 
novain  as  neurin  is  to  cholin)  ;  4,  methylpyridin  chloride  ;  5, 
gynesm  ;  6,  mingin  ;  7,  vidiatin  ;  8,  oblitin  ;  g,  neosin. 

All  these  bodies  yield  trimethylamine  on  decomposition  and 
form  platmum  salts,  which  enable  their  identification.  Up  to  the 
present  they  have  only  been  met  with  in  meat  extract,  but  their 
excretion  by  the  urine  suggests  that  they  may  play  an  important 
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part  in  purin  metabolism,  and,  inasmuch  as  two  bases  are  asso- 
ciated with  lecithin,  these  other  bases  may  at  some  period  of  their 
formation  come  into  relation  with  the  same  lipoid. 

The  importance  of  these  considerations  lies  in  the  light  which 
they  throw  on  certain  physiological  questions.  Thus,  the  enzymes 
of  the  animal  body  have  been  found  by  Paul  Mayer  to  act 
entirely  differently  on  dextro-  from  laevo-rotatory  lecithin. 
Possibly  its  action  in  activating  cobra-venom  will  depend  to 
some  extent  on  its  optical  character. 

In  therapeutics,  lecithin  -  may  be  beneficial.  Claude  and 
Zaxy,  speaking  at  Paris  in  1901,  showed  that  lecithin  has  a 
favourable  influence  on  the  nutrition  of  a  tuberculous  subject  by 
increasing  the  energy  of  metabolism,*  though  its  use  did  not 
prevent  the  advance  of  the  disease. 

The  association  of  cholesterin  with  lecithin  is  a  fact  of  very 
great  interest,  and  has  engaged  the  attention  of  Dr.  Craven  Moore, 
who  considers  that  cholesterin  exists  in  the  cell  m  a  colloidal 
state  through  the  agency  of  lecithin.  When  the  latter  under- 
goes dissolution,  the  more  stable  cholesterin  becomes  unable  to 
maintain  its  colloidal  condition  unless  fatty  acids  or  their  deriva- 
tives be  present,  and  it  then  gradually  separates  out  in  crystaUme 

form.  , 

The  observation  of  Pascucci  shows  up  what  I  term  the  sym- 
.  biotic  relations  between  cholesterin  and  lecithin.  The  addition 
of  cholesterin  to  a  h^emolysin  neutralises  the  activity  of  the 
latter  while  lecithin  has  no  action,  the  varying  proportion  of 
lecithin  and  cholesterin  thus  affording  a  means  of  regulatmg 
the  effect  of  hemolytic  substances  on  the  cell.  If  the  OH  groups 
of  cholesterin  be  rendered  inert,  this  neutralising  property  is 

Lecithin  and  cholesterin  together  form  means  by  which 
substances  otherwise  unable  to  penetrate  the  cell-envelope 

become  enabled  to  do  so. 

Methods  of  Detection  and  of  Extraction  of  Lecithin 

-Otolski  made  use  of  the  separating  power  of  an  excess  ot 
n6  per  cent,  alcohol ;  but  if  we  search  through  his  figures,  they  do 
not  seem  to  show  very  constant  N  :  P  ratios. 

Manasse  used  warm  absolute  alcohol  for  extracting  the 

*  Glycerophosphoric  acid  appears  in  the  urine  when  lecithin  is  taken. 
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lecithin,  and  employed  Salkowski's  method  of  detecting 
phosphorus  in  the  evaporated  extract.  This  method  is  simple 
and  apparently  sufficient  for  clinical  pm'poses. 

In  several  of  my  own  specimens  I  have  used  the  precipitate 
with  ammonium  sulphate  (Table  B)  and  applied  Salkowski's 
method  of  incineration  for  phosphorus.  If  known  weights  are 
used,  this  method  can  be  made  a  quantitative  one,  although  it 
must  be  remembered  that  aU  the  lecithin  present  is  not  necessarily 
estimated,  as  not  all  of  it  may  be  in  association  with  the  globulin. 
If  this  method  be  adopted  we  shall  be  able  to  endeavour  to  detect 
the  presence  of  this  substance  with  the  same  quantity  of  fluid 
that  was  used  for  globulin — an  important  point  when  only 
moderate  amounts  of  fluid  are  available  for  analysis. 


The  absolute  proof  that  a  substance  is  lecithin  will  involve  an  estimation 
of  the  N  :  P.  ratio,  an  estimation  of  the  rotatory  power,  a  preparation  of  the 
distinctive  cadmium  salts,  and  finally  the  extraction  of  cholin  (means  of 
detection,  see  p.  171),  glycerophosphoric  acid,  and  of  fatty  acids. 

Incineraiion  Method. — i.  A  weighed  quantity  of  substance  is  dried  at 
120°  C.  If  there  be  a  negligible  residue  there  is  no  inorganic  phosphorus. 
Otherwise  the  residue  is  fused  with  soda  and  saltpetre  in  a  platinum  crucible 
by  the  aid  of  a  blo^vpipe.  The  residue  should  be  white,  and  is  dissolved  in 
dOute  nitric  acid  (minimal  amount),  filtered  if  necessary,  and  then  one 
portion  made  strongly  alkaline  with  ammonia,  while  the  other  is  rendered 
still  more  acid  with  pure  nitric  acid.  If  a  precipitate  results  from 
the  addition  of  ammonia,  then  mineral  phosphates  are  present  [Ca  POa), 
MgP03,FeP0J. 

The  other  portion  is  treated  with  ammonium  molybdate,  aijd  the 
resulting  precipitate  may  be  weighed  in  order  to  estimate  the  quantity  of 
phosphorus. 

■0024  gm.  of  precipitate  corresponds  to  0-0175  g^-  lecithin.* 
The  objection  to  this  simple  method  is  that  one  cannot  well  distinguish 
between  the  organic  and  the  inorganic  phosphorus. 

2.  The  simplest  procedure  then  would  be  to  add  three  times  the  bulk 
of  fluid  used  of  absolute  alcohol,  and  wash  the  residue  well  before  evaporat- 
ing it  to  dryness.  The  residue  is  then  taken  up  with  water,  and  shaken 
repeatedly  with  ether.  The  ethereal  extract  is  allowed  to  dry  and  the 
residue  fused  with  3  parts  KNO^  and  i  part  sodium  carbonate.  The  white 
residue  is  dissolved  in  a  trace  of  water  and  nitric  acid  added.  Ammonium 
molybdate  is  added  (avoiding  excess)  and  the  precipitate  weighed  as  in 
method  i. 

3-  A  still  more  accurate  method  is  that  of  Neumann.  500  cc.  fluid  are 
treated  with  pure  nitric  acid  and  gradually  poured  into  a  round-bottomed 
flask  containing  30  cc.  of  boiling  nitric  acid.    There  should  never  be  more 


It  is  assumed  that  i  gm.  lecithin  contains  0-0384  gm.  phosphorus. 
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than  100  cc.  of  fluid  in  the  flask  at  once.  The  fluid  can  then  be  rapidly 
reduced  to  a  small  bulk.  5-10  cc.  of  a  mixture  of  equal  parts  of  pure  nitric 
and  sulphuric  acids  are  added,  moderate  heat  in  a  draught-chamber  being 
used.  Additional  quantities  of  the  acid  mixture  arc  added  till  a  litre  has 
been  used,  and  the  fluid  can  then  be  allowed  to  cool.  The  fluid  in  the 
flask  should  now  be  as  clear  as  water.  (Rapid  method  of  oxidising  organic 
matter  in  any  fluid,  perhaps  especially  useful  for  urine.) 

For  each  40  cc.  of  residual  fluid  add  water  to  150  cc.  and  50  cc.  of  am- 
monium nitrate.  Heat  till  bubbles  rise,  and  then  add  40  cc.  of  ammonium 
molybdate.  The  precipitate  of  ammonium  phosphomolybdate  is  thorough- 
ly shaken  till  granular  and  left  a  quarter  of  an  hour,  and  then  washed  by 
decantation  till  the  washings  cease  to  beacid.  The  residue  on  the  filter  is  re- 
turned to  the  flask,  150  cc.  water  are  added,  and  seminormal  soda  added  from 
a  burette  till  solution  occurs.  5  or  6  cc.  over  this  point  are  added,  noting  the 
number  of  centimetres  used.  Boil  till  ammonia  ceases  to  come  off,  and 
then  titrate  with  seminormal  acid  against  phenolphthalein.  (The  number 
of  centimetres  of  soda  used— number  of  centimetres  of  acid— +  1-268  gives 
P.O.-  in  milligrammes.) 

"  4.  The  complicated  but  more  accurate  methods.— (a)  Erlandsen  first 
dried  the  material  in  a  current  of  air  for  several  hours,  and  then  in  vacuo. 
The  powdery  mass  was  extracted  with  ether,  and  the  final  extraction  treated 
with  alcohol.  The  alcohol  fraction  was  made  to  yield  the  phosphatids  by 
successive  extraction  with  ether  and  acetone,  while  the  ether  fraction  was 
treated  with  acetone  to  extract  lecithin,  cruorin,  etc. 

{b)  The  details  of  this  method  are  lengthy  and  cannot  be  dealt  with  in  this 
place.  A  table  (pp.  52-53)  showing  Siern  and  Tf.ierfelder's  scheme  is  given, 
however,  in  order  to  give  some  idea  of  the  lengthy  procedure  necessary  in 
order  to  make  accurate  researches  on  this  subject.  The  special  feature 
of  their  method  was  the  carrying  out  of  the  methods  in  the  dark  in  an 

atmosphere  of  CO,. 

(c)  Manasse's  method  is  similar  to  that  of  Erlandsen  (1906). 

It  must  again  be  emphasised  that  even  these  quantitative  methods 
do  not  give  absolutely  correct  figures,  owing  to  the  loss  that  necessarily 
takes  place  during  the  extraction  processes.  Besides,  it  is  not  possible  to 
absolutelv  separate  the  monamidophosphatids  from  the  diammophosphatids. 

The  accompanying  table  shows  that  the  process  is  essentially  one  of 
fractionation  with  different  solvents,  some  of  the  phosphatids  bemg  more 

insoluble  than  others. 

There  is  an  additional  source  of  error  in  the  fact  that  the  fluids  which 
we  are  concerned  with  may  contain  nucleic  acids  or  their  derivatives,  i.e. 
other  phosphorus-containing  substances,  and  these  will  work  out  as  lecithm 
in  the  estimation  as  phosphorus.  In  the  methods  of  series  4.  however, 
the  substances  are  identified  by  their  percentage  composttwn.  In  spite 
of  the  errors,  the  last  series  (4)  are  as  accurate  perhaps  as  one  can  hope 
for 

"in  respect  to  the  puncture-fluids  it  was  thought  possible  to  identify 
certain  of  these  complex  substances  by  applying  the  tests  which  are  used 
as  micro-chemical  reactions.  The  difficulties  so  far  have  been  insuperable. 
The  fact  that  lecithin  crystals  do  not  stain  with  osmic  acid  after  previous 
fixation  with  potassium  bichromate  has  not  been  found  available  as  a 
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I  quantitative  test.  There  can  be  no  doubt  that  if  such  reactions  could  be 
i  utilised  it  would  simplify  the  work  of  examining  the  chemical  constituents 
!    of  puncture-fluids  for  clinical  purposes  very  considerably. 

In  referring  to  the  work  of  Otolski  reference  was  made  to  the  bye- 
1  finding  of  jecorin.  It  is  purposed  to  discuss  this  substance  more  in  detail. 
Its  formula  has  been  given  by  Drechscl  as  Cio5H|g5N;PjSO|,.Na;.  It  is 
a  body  which  is  extremely  hygroscopic  and  forms  a  slimy  mass  in  the 
presence  of  water.  The  chief  interest  lies  in  its  ability  to  reduce  alkaline 
copper  sulphate,  though  it  is  precipitated  by  strong  salt  solutions  and  by 
silver  nitrate.  In  the  latter  case  the  precipitate  is  soluble  in  excess  of 
jecorin,  and  when  heated  with  ammonia  turns  a  port-wine  red. 

To  judge  by  Manasse's  analysis,  jecorin  maybe  regarded  as  a  compound 
of  lecithin  with  glucose,  for  he  obtained  glucosazone  from  it,  but  Meinerz 
regards  it  as  a  mixture  of  many  organic  and  inorganic  bodies. 

Just  as  activity  of  research  on  lecithin  led  to  its  detection  in  very 
many  tissues,  so  with  jecorin.  The  chief  sites  of  jecorin  in  the  body 
are  the  spleen,  the  brain,  the  blood,  and  in  the  suprarenals.  It  is  worth}' 
of  note  that  the  suprarenals  contain  also  a  considerable  amount  of 
lecithin.  Whether  cholesterin  is  associated  or  not  has  not  been  made  out. 
However,  it  is  important  to  note  that  according  to  Jacobsen,  Henriques 
and  Kolisch,  the  glucose  of  the  blood  may  possibly  circulate  as  jecorin, 
although  it  has  to  be  admitted  that  in  their  process  of  extraction  of  the 
blood  with  ether  some  free  glucose  might  be  extracted  with  the  ether, 
and  thus  give  rise  to  an  error.  It  is  another  instance  of  the  extreme  care 
I  which  is  necessary  before  one  formulates  any  opinions  as  to  what  sub- 
'  stances  are  and  what  are  not  present  in  any  given  fluid.  It  bears  out 
the  view  that  many  of  the  simpler  proteid  derivatives  which  may  be 
detected  in  a  body  fluid  may  be  merely  the  result  of  decomposition  of  the 
proteids  which  are  present.  Paul  Mayer  endeavoured  to  definitely  settle 
this  problem  of  the  jecorin  and  sugar  combination,  and  he  comes  to  the 
conclusion  that  the  glucose  is  retained  by  lecithin  as  a  solid  solution  or 
I  possibly  by  adsorption,  although  he  admits  the  possibility  that  it  is  a 
molecular  additive  compound.  However,  he  attaches  great  importance 
to  the  presence  of  S  and  Na  in  jecorin,  and  says  they  are  essential  con- 
stituents of  it. 

He  thinks  that  if  a  ferment  exists  in  the  blood  which  can  split  off 
sugar  from  its  combinations,  it  might  split  off  the  sugar  of  jecorin  and 
cause  the  sugar  to  appear  free  in  the  blood.  But  special  experiments 
led  Paul  Mayer  to  the  conclusion  that  there  was  no  such  ferment  in  the 
blood,  so  that  the  sugar  which  is  present  in  the  blood  cannot  exist  in 
combination  with  jecorin,  but  must  be  free  at  the  outset. 

The  discovery  that  jecorin  taken  from  different  animals  possesses  a 
varying  percentage  of  attached  glucose  shows  that  probably  there  is  no 
constant  relation  between  the  two. 
I       Jecorin  acts  on  cobra- venom  in  exactly  the  same  way  as  does  lecithin 
!  the  only  difference  being  that  if  glucose  is  present,  the  hrcmolysis  takes 
place  very  much  more  rapidly. 
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TABLE  VI 
Lecithin  in  Body  Fluids 


Fluid. 

Disease.  | 

Lecithin. 

Pleural  ... 
Peritoneal 

Ovarian  Cyst  ... 

iniiamiTiciLui  y  ^ 

(Abdominal  Cancer)  

Chronic  Effusion  (nature  ?)  ... 

Renal  Disease  ■ 

Peritoneal  Carcinomatosis 

Unilobular  Cirrhosis   

Renal  Disease  

Cardiac  Failure  

Tubercular  Peritonitis  

Unilocular  Cyst  

Broad  Ligament  Cyst  

Trace. 

Conspicuous 
Present. 

i» 

11 

Absent. 
»i 
t» 

Absent. 
Present. 

The  study  of  the  presence  of  lecithin  in  body  fluids  may  be 
said  to  date  from  Joachim's  investigations  in  1903.  when  he 
was  endeavounng  to  find  the  cause  of  the  turbidity  of  certain 
ascitic  fluids.    In  one  special  case  studied  by  him  the  Patien 
was  sufiering  from  cirrhosis  of  the  liver,  and  the  Auxd  whxch  had 
been  poured  out  into  the  abdomen  was  turbid,  though  no  fat  was 
present.    The  essence  of  this  study  lay  m  the  fact  that  pseudo^ 
globulin  was  found  to  be  present  in  abundance  and  that  ^^lth 
fhis  pseudo-globulin  there  was  associated  l^-^^^-,    ^hat  ^h 
was  the  cause  of  the  milkiness  was  proved  by  the  fact  that 
Talvsis  gave  a  clear  flmd,  and  that  the  residue  contamed  lecithin, 
wht The  clear  fluid  did  not.    The  lecithm  was  extracted  by  the 
use  of  ether,  and  the  extract  tested  for  phosphorus. 

It  was  fecund  that  only  the  pseudo-globuhn  fraction  contains 

phosphorus,  namely,  2-45  g--  -  every  litre  of  ascitic  fluid, 

which  corresponds  to  035  gm.  lecithin. 

ToUes  records  a  case  in  which  the  peritoneal  fluid  (disease 

not  stated)  contained  abundance  of  lecithin. 

T^ese  observations  proved  beyond  doubt  that  lecithin  n.ay 
Ihese  oDse  f  ^^^^^  turbidity. 

Moreover,  ir  It  became  a  matter  of  no  little 

and  sodium  hydrate  solutions. 
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ascitic  fluid,  and  if  it  occurred  in  ascitic  fluid  under  any  other 
conditions. 

The  actual  diagnostic  importance  which  is  to  be  attached 
to  the  occurrence  of  lecithin  in  a  body  fluid  can  hardly  be  made 
out  from  so  few  examples,  although  one  hopes  to  have  shown 
that  the  question  may  be  of  use  to  the  clinician. 

The  Diazoreaction. — This  reaction,  which  has  been  applied 
to  the  study  of  urine  under  certain  febrile  conditions,  was  care- 
fully studied  by  Clemens  in  1904,  who  found  that  the  bodies 
which  are  responsible  for  the  reaction  are  precipitated  by  basic 
lead  acetate  and  are  insoluble  in  alcohol.  Tyrosin  and  histidin 
both  give  the  reaction,  and  as  the  former  may  be  present  in  a 
puncture-fluid,  it  was  thought  that  this  test  might  give  useful 
results  in  puncture-fluids,  especially  when  the  test,  as  applied 
for  the  detection  of  histidin,  is  extremely  delicate. 

The  results  of  the  experiments  showed,  however,  that  it  was 
very  rarely  present.  It  was  obtained  distinctly  in  a  case  of 
pleural  effusion  associated  with  abdominal  sarcoma,  and  also 
in  the  fluid  from  a  tuberculous  pleurisy.  In  only  two  peritoneal 
fluids  was  it  found — namely,  one  from  a  case  of  polyorrhomenitis 
and  another  from  a  case  of  chronic  peritonitis  associated  with  an 
old  gastric  idcer.  If  the  investigations  of  Clemens  represent 
complete  knowledge  on  the  subject  we  should  be  able  to  assume 
that  in  these  four  cases  either  tyrosin  orhistid  in  or  both  was 
present,*  and  the  fact  of  one  being  a  case  of  carcinoma  their 
presence  would  be  explicable  because  the  products  of  carcinoma 
metabolism  might  well  appear  in  this  as  in  other  fluids  of  the 
body.  However,  the  reaction  was  not  obtained  in  any  other 
case  of  the  same  kind  nor  in  a  definitely  carcinomatous  effusion. 
The  reaction  was  uniformly  absent  in  subcutaneous  oedema 
fluids. 

*  Other  views  as  to  the  nature  of  the  reaction  are  : 

(1)  That  it  is  due  to  phenols  and  amines  (Ehrlich). 

(2)  That  it  is  due  to  paired  sulphur  acids  (Dolgow). 

{3)  That  it  is  derived  from  breaking-down  leucocytes  (Geisslcr,  Saliev) . 

(4)  That  it  will  appear  in  urine  after  taking  opium,  chrysarobin, 
naphthalin,  morphine,  while  it  is  prevented  by  internal  administration 
of  tannin. 

(5)  That  it  is  due  to  the  chromogen  of  urochrome  (Weiss). 

For  literature  and  full  details  see  v.  Noorden,  Handbuch  der  Path,  des 
Stoffw.  I.,  660.    Berlin,  1906. 
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The  Molisch  Reaction;  the  a-Naphthol  Reaction.— 

The  Mohsch  reaction  consists  in  obtaining  a  violet  colour 
with  an  alcoholic  solution  of  a-naphthol  in  the  presence  of  pure 
sulphuric  acid.  This  test  was  applied  to  the  original  fluid 
in  many  puncture-fluids,  mainly  as  a  matter  of  curiosity  in  the 
first  place  (since  the  reaction  depends  on  the  presence  of  carbo- 
hydrate radicles),  and  with  the  hope  that  it  might  form  a  ready 
test  for  the  presence  of  such  in  a  fluid. 

It  was  soon  found,,  however,  that  there  were  striking  differ- 
ences in  the  effects  in  different  cases,  so  that  it  has  since  that 
time  been  applied  as  a  routine  procedure.  Up  to  the  present  it 
is  hard  to  formulate  any  rules  as  to  diagnosis  which  might  be 
made  from  its  presence  or  absence.  The  difference  in  the  degree 
of  reaction  is  perhaps  the  most  striking,  but  at  the  same  time  it 
must  be  admitted  that  a  violet  colour  is  never  obtained.  The 
reaction  which  one  does  obtain  is  the  formation  of  a  red  rmg  or 
a  red  staining  of  the  acid. 

A  5-per-cent.  solution  of  a-naphthol  in  95  per  cent,  alcohol 
is  prepared,  and  an  equal  volume  is  added  to  the  fluid  examined. 
Strong  sulphuric  acid  is  allowed  to  run  down  the  side  of  the 
test-tube,  and  the  contents  are  now  oscillated  gently.  A  red 
line  will  appear  at  the  junction  in  a  well-marked  case,  almost 
instantly  ;  and,  with  oscillation  of  the  heavy  acid,  the  latter 
will  become  uniformly  red  (carmine).  The  results  which  have 
been  obtained  are  shown  in  Table  VII. 

From  this  table  it  is  evident  that  as  a  rule  pleural  fluids 
give  a  much  more  marked  reaction  than  do  peritoneal  flmds, 
and  that  in  cases  of  "  idiopathic  "  effusion  the  colour-reaction 
is  very  decided.  On  the  other  hand,  peritoneal  flmds,  especiaUy 
those  dependent  on  back-pressure  (mechanical  effusion),  show  a 

very  scanty  reaction. 

The  difference  in  the  degree  of  reaction  depends,  presumably 
on  difference  in  constitution  of  the  proteid  or  on  difference  of 
substitution  products.    The  presence  of  reducing  -bstance  in 
the  proteid  of  many  puncture-fluids  (some  fon.  of  carbohydiate 
radicle)  has  been  specially  remarked  on  by  Landolf  of  Buenos 

The  absence  of  the  reaction  in  such  a  peritoneal  fluid  as  is 
derived  from  a  case  of  polyorrhomenitis  is  suggestive  for  the 
flu  d  from  such  a  case  has  very  marked  differences  from  any 
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other  puncture-liuid  ;  it  is  clear,  or  slightly  opalescent,  quite 
watery,  and  contains  only  a  trace  of  globulin  and  comparatively 
few  cellular  elements. 


TABLE  VII 
The  a-NAPHTHOL  Reaction  of  Puncture-Fluids 


Absent. 

Very  Slight. 

Slight. 

Distinct. 

Decided. 

Very 
Decided. 

Pericardial  P'luid 

Peritoneal 

Peritoneal 

Pleural  Fluid 

Pleural  Fluid 

Pleural 

Subcutaneous 

Fluid  in 

Fluid  in 

(Simple  In- 

(Tuber- 

Effu  sioii 

Qidema  (Car- 

Cardiac 

Card  iac 

flammation) 

culous) 

(3Tuber- 

diac) 

case  in 

case  in 

culous 

Peritoneal  Fluid: 

Tuber- 

Cirrhosis 

cases). 

Polyorrho- 

culous 

M  u  1  t  i  - 

P  e  r  i  t  o  - 

menitis.  Car- 

Perito- 

lob u  lar 

neal  Ef- 

diac Disease 

nitis 

Cirrhosis 

Hydatid  Cyst 

fusion  in 

Tubercular  Peri- 

Ci rr  h  osi  s 

of  Liver 

m  o  n  0- 

tonitis 

of  Liver 

lobular 

Hydatid  Cyst 

Pancreatic 
Cyst 

cirrhosis, 
Chronic 
Perito- 
n  i  t  i  s 
(simple). 

Ehrlich's  Glucosamine  Test.— As  in  the  case  of  the  Molisch 
i-eaction,  this  test  has  been  applied  to  a  considerable  number  of 
fluids,  and  similar  marked  variations  in  degree  of  reaction 
obtained.  The  most  striking  point  seen  on  comparing  Table  VII 
with  Table  VIII  is  that  the  latter  shows  mainly  peritoneal 
fluids  in  the  marked  positive  cases,  while  in  the  former  the  pleural 
fluids  gave  the  more  decided  reaction. 

The  test  is  performed  thus.  To  a  small  portion  of  fluid 
an  equal  quantity  of  a  5-per-cent.  solution  of  ^-dimethylamino- 
benzaldehyde  in  10  per  cent,  sulphuric  acid  is  added,  and  strong 
sulphuric  acid  is  run  down  the  sloping  test-tube.  A  deep  violet 
colour,  varying-  in  intensity,  will  appear  at  the  line  of  junction, 
and  gentle  oscillation  of  the  acid  will  induce  a  very  intense 
coloration  in  a  positive  case. 

The  results  of  these  experiments  are  shown  in  Table  VIII, 
and  the  differences  in  the  reaction  must  find  some  explanation. 

The  explanation  of  the  test  itself  has  been  the  subject  of 
much  controversy,  and  the  present  opinion  seems  to  be  that  it 
is  the  tryptophane  radicle  which  is  the  cause  of  the  colour  re- 
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action.  The  test  is  called  by  its  name  because  glucosamine  will 
give  the  reaction,  as  well  as  other  osamines.  Neubauer  con- 
sidered that  urobilinogen  would  give  the  reaction,  but  it  is  not 
generally  accepted  that  this  is  the  explanation  of  the  test  when 
applied  to  proteids  in  general.  Pappenheim  regards  it  as  settled 
that  this  reaction  is  a  pyrrhol  reaction,  though  no  confirmation 
of  this  can  be  found  in  the  literature  available,  although  if  the 
reaction  be  looked  on  as  a  tryptophane  reaction,  the  two  views 
are  readily  reconciled,  for  both  tryptophane  and  pyrrhol  contain 
the  imido-group  in  the  same  position  ;  indeed,  Holland's  formula 
for  tryptophane  contains  pyrrhol : 

CH.,— NH., 
HC  CH-COOH 

h'c  CH 

\/ 
NH 

Tryptophane  (Holland). 

The  thickened  letters  represent  the  pyrrhol  group. 

The  question  of  pyrrhol  wiU  again  come  up  in  discussmg  the 

ferments  in  leucocytes.  .     .  „f 

If  we  look  upon  the  reaction  as  indicatmg  the  presence  of 
tryptophane  in  the  fluids  under  question,  we  shall  be  able  to 
obtain  a  more  tangible  idea  of  the  sigmficance  of  the  test  as 
apphed  to  puncture-fluids,  and  the  intensity  of  colour  wiU 
presumably  depend  on  the  amount  of  tryptophane  present. 

*  Tryptophane  (^ndola.inoprc^  "S^^^.  ^^s— 
of  the  amount  of  destruction  of  P-^eids  that     g°-g  °  j^^^. 

— .^^^te  fo^..n.  tests  may  .e 
employed  for  its  detection  : 

!■!  S:^!rSr^'a:et.rald  .  -se-rea  o.  viCet  colour 

„oTo  anTdi-bromide  o.  tryptophane  accord.„g  to  Levene  and 

''tr?,t:::?;rti^rrn,:Lrc;rp^in^^^^^  -  - 

the  solution,  turns  cherry  red. 

<t\rs:r,rrrrrdrr,,onatet, „n,y  s,,,,..,,  som^. 
^°  rs';ra't:°"vo.n  i™c.„  and  lys.n  :::,:^"z 

of  Table  A  with  phospbotungstic  add  (four  part,  to  one  of  «ater). 
tte  nitrate  therefrom  eontains  the  substance  u,  question. 
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TABLE  VIII 

Tryptophane  in  Puncture-Fluids 


Absent. 

Faint. 

Distinct. 

Very  Distinct. 

Extremely 
Decided. 

Pleural 

/'Simple  Indam- 

mation 
Simple  Inflam- 
mation 

Emp3'ema 

Simple  Effu- 
sion 
Adherent 

Pericardium, 

etc. 

Simple  Effu- 
sion 
Empyema 

Non  -  tuber- 
culous Effu- 
sion 

(2  cases) 
Tuberculous 

Pleurisy 
Simple  Effu- 
sion 

Simple  Inflain- 
matory 
Effusion 
(3  cases) 
)> 

Pericardial 
Fluid 

Peritoneal 

^Cardiac  Back- 
pressure 
Renal 

Cardiac  Back- 
pressure 

Cardiac  Back- 
pressure 
(2  cases) 

Tuberculosis 
(2  cases) 

Atrophic  Cir- 
rhosis of 
Liver  (2) 

Monolobular 
Cirrhosis 

t     ^  IT*  1  Tl  ^  fYl  0 

K^tXl  LI  [Itjlllct- 

tosis 
Renal 

Adherent  Peri- 
cardium, etc. 

Cirrhosis  of 

Liver 
Polyorrho- 

menitis 

Cirrhosis  of 
Liver 

Tuberculous 
Peritonitis 

Tuberculous 
Peritonitis 
(deep  crim- 
son colour) 

Back-pressure 
(cardiac) 
(2  cases) 

Monolobular 
Cirrhosis 

Chronic  In- 
flammation- 
(Non-tuber- 
culous) 

1  uberculous 
Peritonitis 

(  Pancreatic 
Cysts  J  Ovarian 
1  Hydatid 

Ovarian  Cyst 
Pancreatic 

Hydatic 
(crimson 
colour) 

Unilocular 
Ovarian  Cj'st 

The  fact  that  the  Adamkiewitz  reaction  *  depends  on  the 
presence  of  tryptophane  will  also  serve  as  an  indication  of  the 
presence  of  this  body  in  puncture-fluids.  In  the  cases  which  I 
have  examined,  the  test  has,  however,  been  seldom  applied,  and 
only  in  the  Table  D  section  of  analysis  (p.  36).  The  results  are, 
however,  incorporated  in  the  above  table  (VIII.). 

Pigments. — The  colour  of  puncture-fluids  is  not  of  very  much 
interest.  The  presence  of  blood  will  be  revealed  in  the  ordinary 
way,  and  the  presence  of  bile  (which  can  enter  in  cases  of  jaundice, 
or  from  perforation  of  the  bile  passages)  is  easily  made  out.f  ' 

*  Adamkiewitz  reaction.  Glyoxylic  acid  (see  p.  38)  is  added  to  the 
solution  to  be  tested,  and  strong  sulphuric  acid  is  added.  A  blue-violet 
colour  results. 

t  Nakayama's  modification  of  Huppert's  bile  pigment  test  is  a  useful 
one,  and  but  little  known  and  used.    The  fluid  to  be  tested  is  mixed  with 
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The  usual  colour  of  effusions  is  due  to  a  lipochrome  which 
can  be  extracted  with  amyl  alcohol  and  has  a  characteristic 
spectrum.  In  cases  of  hydra;mia,  the  subcutaneous  fluid  will 
be  remarkably  pale,  owing  to  the  dilution  of  the  fluid. 

Salkowski's  method  of  extracting  the  colouring  matter  con- 
sists in  collecting  the  deposit  after  acidification  of  the  fluid  with 
acetic  acid,  and  purifying  it  by  successive  solution  and  reprecipita- 
tion,  and  dissolving  in  absolute  alcohol.  The  residue  from  this 
is  dissolved  in  chloroform,  and  the  solution  examined  by  the 
spectroscope.  The  addition  of  nitric  acid  to  the  chloroform 
solution  results  in  a  transient  blue  coloration. 

The  spectrum  shows  partial  absorption  of  the  right  half  of  the 
spectrum,  and  a  dark  band  at  F  and  a  paler  one  between  F 

and  G.  n  ■  i   x  +v. 

Gases— Free  gases  may  occur  in  puncture-fluids  from  the 

rupture  of  hollow  viscera  or  from  the  perforation  of  a  pulmonary 

cavity    In  rare  cases  the  gas  is  derived  from  bacterial  growth. 

The  intrinsic  gases  of  the  various  fluids  are  mainly  carbon 

dioxide   with   traces   of   nitrogen.     The   details  which  are 

available  are  mentioned  in  Section  III  under  the  appropriate 

headings.  ,     •  r, 

The  chief  interest  in  this  subject  lies  m  the  influence  which 
carbon  dioxide  has  on  the  proportion  of  electrolytes. 

The  Inorganic  Constituents  of  Puncture-Fluids. - 
The  most  important  inorganic  constituent  which  we  have  to  deal 
with  is  of  course  sodium  chloride.  The  presence  of  carbonates, 
sulphates,  phosphates,  is  of  less  importance  and  is  convemen tly 
considered  under   the   one   heading  of      Achlorides  (see 

Section  II.).  ,  .  ^ 

The  subject  is  more  fully  discussed  m  connection  with  the 
theoretical  considerations  on  electro-conductivity  and  later, 
again  in  Section  I V.  We  have  already  discussed  the  risk  of  error 
lilely  to  arise  from  adsorption  (p.  17)  and  shown  that,  at  any  rate 
in  fluids  containing  only  a  small  amount  of  albumen  the  volu- 
metric method  of  analysis  is  accurate  enough.    In  the  case  of 

1  n.Pntitv  of  lo-per-cent.  barhan  chloride.    After  a  short  centn- 
an  equal  quantity  of  10  per  ^^3^^^^  ^.i„eh  in  a 

fugalisation  the  clear  fluid  is  clccantea  .^^ 

,5  per  7^  '^^^^^^^^^^^  is  boiled  and  the  .uperna..,..  fluid 

;  it  £'„  6°.c„  -  ;  J  turning  violet  or  red  on  adding  ni.rre  ac.d. 
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exudates  we  have  to  regard  the  quantity  of  chlorides  estimated 
as  those  which  are  "  unattached."  A  parallel  estimation  by  in- 
cineration would  be  of  interest  in  deciding  how  much  combined 
chloride  there  was  present. 

The  accompanying  table  of  the  amount  of  chlorides  present 
in  various  fluids  is  of  considerable  interest,  inasmuch  as  it  shows 
striking  differences  in  chloride-content  in  different  classes  of  fluid. 
Thus,  in  the  pleural  series  there  is  a  high  percentage  of  chlorides  in 
back-pressure  cases,  and  the  same  is  the  case  with  renal  effusions 
into  the  peritoneal  cavity.  The  subcutaneous  fluids  in  cases 
of  renal  disease  also  often  show  a  relatively  high  chloride-content. 

The  methods  of  analysing  chlorides. 

I.  Volumetric. 

The  volumetric  method  which  has  been  adopted  in  the 
studies  recorded  in  this  work  is  that  of  Salkowski's  modification 
of  Volhard's  method. 

A  solution  of  29-075  gms.  per  litre  of  silver  nitrate  is  needed, 
and  10  cc.  of  this  are  placed  in  a  flask  graduated  to  100  cc.  ; 
4  cc.  pure  concentrated  nitric  acid  are  added,  and  distilled  water  is 
used  to  fiU  up  to  the  mark.  The  mixture  is  poured  into  an  8-oz. 
flask,  and  5  cc.  of  a  saturated  watery  solution  of  double  sulphate  of 
iron  and  ammonia  added.  A  solution  containing  about  8  gms. 
of  ammonium  sulphocyanide  is  now  run  in  from  a  burette  until 
the  red  colour  produced  by  interaction  with  the  double  salt 
has  become  permanent.  From  this  reading  it  is  easy  to  find 
out  how  much  water  is  to  be  added  to  the  sulphocyanide  solution 
to  make  25  cc.  of  it  correspond  to  10  cc.  of  silver  nitrate.  It  is  well 
to  test  that  this  is  so  before  using  it  for  actual  analyses. 

The  de-albumenised  solution  is  now  used,  10  cc.  being  put 
into  the  graduated  flask,  30  cc.  (about)  of  distilled  water,  4  cc.  of 
nitric  acid  and  15  cc.  of  the  silver  nitrate.  The  contents  are  made 
up  to  100  cc.  with  water.  After  thorough  shaking,  the  fluid  is 
filtered  through  a  thick  filter-paper  (Scheicher  and  Schiill, 
No.  598)  until  the  80-cc.  mark  in  a  perfectly  clean  and  dry 
loo-cc.  measure  has  been  reached.  This  quantity  is  then 
poured  into  the  8-oz.  flask  and  5  cc.  of  the  saturated  solution  of 
double  salt  is  added. 

Titration  is  then  carried  out  with  the  sulphocyanide  as  with 
the  control,  and  the  reading  on  the  burette  is  noted. 

The  15  cc.  of  silver  nitrate  will  be  found  more  than  sufficient 

■v 
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to  precipitate  all  the  chlorides  present  in  these  fluids,  and  the 
ammonium  sulphocyanide  measures  the  excess  of  silver  solution. 
The  formula — 

Parts  NaCl  pro  mille  =  (37-5  — o-8  R)  0-4 

gives  the  number  of  grammes  of  chloride  per  litre.  R  represents 
number  of  cubic  centimetres  of  sulphocyanide  used. 

Since  10  cc.  silver  correspond  to  25  cc.  of  sulphocyanide, 
15  cc.  correspond  to  37'5.  But  only  8a  cc.  (o'S  per  cent,  of 
original  fluid)  have  been  titrated,  hence  only  "8  of  the  reading 
is  really  required  in  order  to  represent  the  original  filtrate. 
The  last  figure  in  the  formula  is  due  to  each  centimetre  of 
AgNOs  representing  o-oi  gm.  NaCl,  so  that  each  centimetre  of 
sulphocyanide  represents  0-4  gm.  NaCl. 

To  save  mathematics,  a  "  ready  reckoner  "  is  given  in  the 
appendix. 

A  practical  hint  may  be  used  in  these  volumetric  procedures. 
The  difficulty  of  reading  accurately  to  a  tenth  of  a  cubic  centi- 
metre on  the  ordinary  burette  is  got  over  by  the  following  simple 
procedure  which  occurred  to  me  :  A  strip  of  white  paper  is  cut 
sufficiently  narrow  to  prevent  it  wrapping  right  round  the 
burette.  Down  the  centre  of  this  strip  is  ruled  a  clear  thick 
black  fine.  The  strip  is  now  attached  with  elastic  bands  to  the 
burette,  so  that  the  Figures  are  foremost  (Fig.  2). 

The  upper  limit  of  the  fluid  causes  a 
break  in  the  line  as  seen  through  it,     (   T  'H  K 7 

which  enables  a  very  exact  reading  to  n<=hJ/^ 
be  taken  at  any  level  in  the  burette. 
With  suitable  care  the  slips  will  last  a 
very  long  time. 

2.  The  other  methods  depend  on 
removal  of  proteid,  thus  : 

(1)  10  cc.  fluid  are  treated  with  20  cc. 
saturated  pure  ammonium  sulphate, 
and  the  mixture  heated  in  a  closed 
flask  on  the  water-bath. 

(2)  10  cc.  of  fluid  are  diluted  with  90  cc.  of  distilled  water  and 
placed  in  a  flask  closed  with  a  slitted  cork.  Boil,  add  a  few  drops 
acetic  acid  till  the  albumen  separates  out  in  big  flakes. 

(3)  Dry  the  fluid,  and  heat  to  dryness.   Extract  the  ash  with 


Fig.  2. 
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boUing  small  portions  of  water,  and  boil  each  extraction.  Then 
dilute  to  70  cc.  with  water,  and  filter.  The  objections  are  that 
phosphates,  sulphates,  and  carbonates  interfere,  and  if  the  heat 
applied  be  too  great  the  chlorides  may  volatilise. 

(4)  ID  cc.  fluid  are  treated  with  excess  of  alcoholic  tannin, 
moderately  heated  and  filtered. 

In  each  of  these  cases  the  chlorine  is  ultimately  estimated 
titrimetrically  with  silver  nitrate  and  ammonium  sulphocyanide 
in  the  way  described. 

THE  FERMENTS 
In  the  case  of  certain  puncture-fluids  the  presence  or  absence 
of  characteristic  ferments  serves  as  a  valuable  aid  to  diagnosis. 
The  fluid  contained  in  pancreatic  cysts  affords  the  best  example 
of  this  truth,  since  the  presence  of  trypsin  or  of  lipolytic  ferment, 
or  of  both,  is  almost  constant.  A  type  of  case,  again,  in  which  the 
detection  of  ferments  would  be  of  great  value  is  illustrated  by 
the  following  :  a  marked  swelling  appeared  in  the  left  hypogastric 
region  after  an  operation  for  colotomy,  and  was  thought  to  be 
a  fluid  collection-possibly  purulent,  for  the  temperature  was 
high     An  exploratory  puncture  produced  a  fluid  which  con- 
tained a  considerable  quantity  of  pepsin,  and  the  swelhng  proved 
to  be  formed  by  an  enormously  dilated  stomach. 

The  presence  of  ferments  in  a  fluid  not  only  enables  a  diag- 
nosis to  be  estabhshed  in  certain  cases,  but  requires  to  be  studied 
as  a  routine  procedure,  with  a  view  to  determining  m  which  class 
of  fluid  (exudation,  transudation,  or  cyst)  one  may  expect  to 
find  a  given  ferment,  and  in  which  one  may  expect  to  find  no 
ferment    the  universal  absence  of  ferments  of  any  kmd  m  a 
puncture-fluid  would  enable  one  to  exclude  certain  diagnoses. 
Apart  from  this,  however,  the  presence  of  these  bodies,  or  the 
evidence  of  their  action,  has  an  important  bearing  on  the  pro- 
cesses of  autolysis  which  occur  in  body-fluids ;  and  autolysis  is 
a  factor  that  has  to  be  borne  in  mind  in  interpretmg  the  results 
obtained  by  this  section  of  the  chemical  analysis. 

It  may  be  said  that  the  two  main  pecuharities  of  ferment, 
are  that  they  are  very  specific  in  their  action,  and  that  they  are 
intimately  dependent  for  their  action  upon  the  nature  of  the 
substrate  The  specificity  is  shown  by  the  fact  that  while  H  + 
wm  produce  a  great  variety  of  chemical  changes  analogous  to 
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ferment  action,  a  proteolytic  ferment,  for  instance,  will  not  act 
on  starch  or  fat,  in  spite  of  each  of  these  bodies  undergoing 
a  hydrolytic  change  when  fermented.  The  second  point  is 
exemplified  by  the  discovery  made  by  E.  Fischer,  that  certain 
ferments  depend  for  their  action  on  the  stereo-isomerism  of  the 
substrata  in  which  the  ferment  acts. 

Speaking  broadly,  then,  we  may  say  that  ferment  action 
consists  in  a  preUminary  anchoring  of  molecules  of  the  ferment  to 
specific  groups  in  the  substrate  (phase  i),  followed  by  a  catalytic 
decomposition  of  the  same  (phase  2).  This  catalytic  decom- 
position continues  up  to  a  certain  point  and  no  further  ;  for 
eventually  a  state  of  equilibrium  is  reached  which  does  not 
allow  any  further  change  except  a  reverse  change  (reversible 
reaction).*  The  catalytic  agent,  the  "ferment,"  simply  alters 
the  rate  at  which  the  catalytic  decomposition  occurs,  so  that  in 
order  to  understand  the  practical  application  of  the  theories 
of  ferment  action  it  is  necessary  to  refer  to  the  laws  bearing  on 
velocity  of  reaction. 

If  the  velocity  of  reaction  v  between  two  substances  of  con- 
centration Q  and  Cb  be  represented  by 

V  =  k  QCb, 

where  k  is  the  velocity  when  the  concentration  of  a  and  of  ^)  is 
unity,  the  catalysis  or  ferment  action  would  simply  consist  in 
altering  k.  But  as  the  process  involves  the  production  of  two 
new  bodies,  c  and  d,  in  increasing  concentration, 

vi  will  =  /%i,QCd 

and  t;  -  =  ^QC,  -  ^iC.Cd  until  the  diminution  of  C,Cb  is 
counterbalanced  by  the  increase  QC„ 

k  p  p 

T-  then  comes  to  = 

The  increase  or  decrease  of  C^C^  over  C^b  must  therefore 
k  k 

vary  with       and  ^becomes  a  constant  K,  characteristic  for 

the  particular  ferment. 

It  is  well  known  that  such  a  metal  as  "  colloidal  platinum  "  t 

exerts  a  catalytic  action  which  bears  great  resemblance  to 
*  This  would  in  actual  fact  be  a  simultaneous  process 
t  Prepared  from  the  metal  by  establishing  an  electric  arc  between 

platmum  electrodes  under  water  uet\\een 
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ferment  action.    At  first  sight  there  is  a  marked  difference 
between  the  action  of  colloidal  platinum  and  an  organised 
ferment,*  because  a  substance  acted  on  by  the  former  becomes 
decomposed  till  no  more  remains,  and  when  acted  on  by  the 
ferment  the  process  only  continues  up  to  a  certain  point,  beyond 
which  it  is  not  possible  to  proceed.    It  is,  however,  now  estab- 
lished that  there  is  no  essential  distinction  between  the  two 
series  of  processes,  for  if  the  medium  in  which  the  organised  fer- 
ment is  acting  be  diluted,  the  reaction  will  again  commence, 
because  the  concentration  of  the  products  of  action  is  diminished 
by  the  dilution.    The  state  of  equilibrium  which  was  reached 
was  only  a  false  equilibrium. 

The  law  of  mass  action  states  that  the  chemical  action  is 
proportional  to  the  active  mass  of  the  bodies  which  enter  into 
the  reaction,  i.e.  is  proportional  to  their  concentration.  This 
law  holds  good  in  the  case  of  ferment  action  also. 

Whether  this  statement  is  absolutely  correct  or  not  has  been 
disputed  by  Lovatt  Evans,  who  states  that  the  velocity  of  cata- 
lysis shows  three  periods  :  (i)  A  rectilinear  period,  where  the 
masses  of  the  substrate  converted  in  equal  intervals  of  time  are 
approximately  equal.  The  values  of  the  constant  ^  m  the 
formula  given  below  steadily  increase  during  the  earlier  phases 
of  the  reaction.  [2)  K  logarithmic  v^M.  At  this  stage  the 
law  of  mass  action  is  followed.  The  values  for  k  are  constant. 
This  period  is  best  seen  when  the  substrate  used  is  m  very  dilute 
solution,  and  the  amount  of  enzyme  is  very  small.    (3)  An 

*  The  chief  points  of  comparison  are : 


1. 


Colloidal  Platinum. 


Ferments. 


The  reaction  takes  place  according  to  j  The  formula  is 


:  k(A  -  X). 


the  formula 
dl 

2  The  velocity  of  reaction  increases  to  a 
maximum  on  adding  more  OH  ions. 
7   CI  ion  diminishes  the  velocity. 
A   K  SO,  accelerates  the  velocity. 
X  There  is  a  temperature  optimum 
6  H  S  and  HCN  act  as  antifcrments. 
7'  There  is  no  limit  to  the  reaction. 


Ditto. 


Ditto. 
Ditto. 
Ditto. 

Ditto.  ,         ,  , 

The  action  ceases  when  the  products 
of  catalysis  reach  a  certain  con- 
centration. 


THE  CHEMICAL  EXAMINATION  OF  PUNCTURE-FLUIDS  6/ 


Con-cttitratian. 


infra-logarithmic  period,  due  to  modification  of  the  logarithmic 
course  of  the  reaction  with  the  progressive  destruction  of  the 
catalase  The  k  vahies  now  fall.  We  see,  then,  that  though  the 
net  result  conforms  to  the  law  of  mass  action,  it  may  be  that  the 
details  show  definite  fluctuations  and  deviations  therefrom. 

We  have  to  deal  with  two  cases  (i)  in  which  there  is  only 
one  molecule  involved  in  the  decomposition — monomolecular 
reaction,  (2)  in  which  there  are  two  molecules  interacting. 

The  velocity  of  a  monomolecular  reaction  becomes  progres- 
sively less  as  the  reaction  proceeds.    This  is  indicated  in  Fig.  3, 
where  the  curve  drops  raf)idly  during  the  first  few  seconds,  and 
then  falls  more  gradually  until 
at  last  it  comes  to  lie  almost 
parallel  to  the  base  line.  Ex- 
pressed   mathematically  we 
have : 

-^-f  =  k{A-x), 

which  means  that  the  velocity 
of  reaction  with  which  as  small 
an  amount,  x,  as  you  please  is 
transformed  during  as  small  an  interval  of  time,  t,  as  you  please 
is  proportional  to  the  original  concentration,  A,  of  reacting 
molecules,  minus  the  amount  of  substance  transformed  during 
that  time  (A  -  x),  being  a  constant  depending  on  the  nature 
of  the  reacting  system.    When  integrated,  the  foriiiula  becomes  : 

,       I  ,  A 

k  =  —  In  . 

t     A  -  x' 

where  t  is  the  duration  of  the  reaction  in  seconds.  Ostwald 
gives  a  table  which  enables  log  to  be  read  off  without 

further  calculation.* 

The  bimolecular  reaction,  where  two  molecules  are  supposed 
to  be  mteracting,  is  frequently  met  with  in  ferment  processes. 
Thi.  type  of  reaction  has  really  been  described  on  page  65, 

where  it  is  stated  that  K  =  If  a  be  the  concentration 

of  the  first  substance,  and  b  tha't  of  the  substance  acted  on, 
*  See  also  Section  II.,  Concentration  of  Hydrogen  Ions. 
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then  as  a  becomes  transformed  h  will  disappear.  When  the 
system  contains  a  -  x  gram  molecules  of  the  first  substance, 
it  will  also  contain  h  -  x  gram  molecules  of  the  second.  When 
integrated,  we  have : 

^  "  t  (a^'  ~  aT^)" 
Specificity  of  Ferment  Action.-It  has  been  stated  above 
that  one  of  the  most  striking  characters  possessed  by  [erments 
is  that  their  action  is  specific.  The  investigations  which  Jacoby 
has  made  on  ferment  action  have  led  him  to  discuss  whether  all 
ferments  do  possess  this  property."  While  some  proteolyUc 
ferments  are  intensely  specific,  inasmuch  as  the  synthetic  poiy- 
peptids  of  Fischer  and  Aberhalden  are  not  acted  on  except  m 
the  case  of  those  -which  occur  in  nature,  other  ferments  do  not 

exhibit  this  property.  A^^rP^rtion 
Heat-production  in  Enzymatic  Reactions.- Any  reaction 
in  which  heat  is  developed  externaUy  (whether  Pleasurable  m 
ouant  ty  or  not)  is  called  exothermal,  while  if  heat  is  absorbed 
n   aUed  endothermal.    Passing  up  from  the  absolute  zero 
we  cor^   upon  a  succession  of  reactions  where  the  developmen 
ThTaT becomes  less  and  less  exothermal  untU  we  readi  a  pom 
at  which  all  the  reactions  are  -^othermah    At  tb,s  s^^^ 
the  series  we  come  upon  a  condition  m  which  the  substances 
ordinarily  split  up  by  the  ferment  are  regenerated 

The  more  nearly  endothermal  the  reaction  the  more  it 
appLachTs  a  reversiL  reaction.  Therelation  — — 
Jtion  and  heat  production  affords  an  explanation  of  the  pro 

reactions  are  constantly  going  on.    In  a  taole  given  y 

■  shown  that  the  hydrolytic  "'^'^"-^  ^J^'^Z 

-  r^r:t —reactions  has  sonie^arnig 
a  ^r'^h  alrrhaTbeen  elaboiated  by  Tangl  anC  his 
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pupils.  The  chemical  energy  of  the  mixture  to  be  fermented 
was  determined  both  before  and  after  the  action  of  the  ferment 
by  determining  the  dry  substance,  the  ash,  the  nitrogen,  and  the 
calorimetric  energy.  It  was  thus  established  that  when  the 
trypsin  acts  on  albumen  the  chemical  energy  is  not  turned  into 
any  other  form.  On  the  other  hand,  in  hydrolytic  ferment  action 
the  energy  progressively  diminishes  as  digestion  proceeds.  Her- 
zog  found  that  oxidising  ferments  are  associated  in  their  action 
with  the  production  of  thermal  energy,  whereas  reductases  show 
no  such  change,  and  the  ferments,  acting  on  polysaccharoses, 
glucosides,  fats,  and  proteids,  only  show  a  small  production  of 
heat.  When  heat  is  produced  by  the  action  of  a  ferment  within 
the  body  this  will  be  a  factor  in  the  maintenance  of  the  body 
heat. 

The  effect  of  temperature  on  the  velocity  of  reaction  is 
given  by  the  following  formula  of  van't  Hoff : 

In^  =  jpr,  +  constant, 

where  k  is  the  equilibrium  constant,  and  q  represents  the  heat 
developed  during  the  reaction,  and  T  is  the  absolute  temperature. 
R  is  a  constant. 

The  bearing  which  all  these  considerations  have  on  the  study 
of  puncture-fluids  is  that  the  progress  of  an  enzymatic  reaction 
in  a  puncture-fluid  can  be  observed  by  their  means.  For  instance, 
the  conversion  of  cane-sugar  into  invert-sugar  can  be  watched 
by  means  of  polarimetry,  and  calculated  by  the  use  of  the  formulce 
given,  the  degree  of  rotation  being  proportional  to  the  velocity 
of  reaction.  For  instance,  if  A  be  the  initial  concentration  of 
the  cane-sugar,  A  must  be  expressed  in  terms  of  degree  of  rota- 
tion. Let  t  be  60  (duration  of  reaction,  one  hour).  The  change 
of  rotation,  x,  divided  by  A,  can  be  calculated  by  means  of 

Ostwald's  table,  which  gives  the  value  for  log   .  ^    .  If, 

A  —  X 

however,  the  velocity  be  compared  with  that  of  a  standard 
reaction,  the  calculation  becomes  more  simple : 

]^  _  total  rotation  possible. 

t  total  rotation  —  rotation  at  the  end  of  time  t. 

Further  remarks  about  this  polarimetric  method  will  be 
found  in  Section  II.,  under  "  Ionic  Concentration." 
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The  Ferments  which  may  be  met  with.— The  following  is 
a  list  of  ferments  according  to  the  classification  by  Jolles  : 
I.  Hydrolytic.—lnso\vih]e  bodies  are  compelled  to  take  up  water  and 
become  converted  into  soluble  bodies. 

Diastase,  invcrtase.  lactase,  trehalase  turn  bioses  (cane-sugar,  malt- 
sugar,  milk-sugar)  into  monoses  by  taking  up  water  (=  glucose. 

levulose).  ,  ,    ....  , 

Lipase  or  steapsin  saponifies  neutral  fats  (includmg  lecithm  and 

oils). 

Emulsin  breaks  up  glucosides,  e.g.  amygdalm. 
Urease. 

Proteolytic  ferments,  including  erepsin.* 
II  A  utolytic.-Bie^]^  up  bodies  without  loss  of  water,  e.g.  zymase     1  hese 
enzymes  are  intracellular  and  play  an  important  part  m  the  meta- 
bolic  processes. 

III.  Coagulating.-¥orm  jellies  (rennet,  thrombose). 

IV.  Oxydases  accelerate  oxydative  processes  (guaiacurn  test)  and  p  ay  an 

important  part  in  the  life  of  the  tissues,  e.g.  xanthmoxydascf 
V.  Catalases.  which  decompose  H,0,. 
VI.  The  A  nti ferments. 

METHODS  OF  DETECTING  AND  ESTIMATING  FERMENTS 
ON  PUNCTURE-FLUIDS 

The  fact  that  these  ferments  do  not  all  occur  in  the  different 
puncture-fluids  with  which  we  are  concerned  renders  it  un^ 
necessary  to  discuss  the  means  by  which  each  is  identified.  We 
are  Ly  concerned  with  diastase,  invertase,  lipase,  proteolytic 
ferments,  oxydase,  catalase,  precipitins,  -d  -tifermen  s^ 

I  Diastase.-Ascoh  and  Bonfanti's  method.-Add  2  cc.  of 
the  fluid  to  be  tested  to  xoo  cc.  rice  starch  (i  per  cent),  and 
I  cc  toluol.  Shake,  and  incubate  twenty-four  hours  at  37 
The  fluid  should  remam  sterile,  and  i  per  cent,  sodium  chloride 
is  then  added,  and  the  fluid  boiled  in  SoxWefs  appaiatu. 
A  few  drops  of  dilute  acetic  acid  are  added,  and  the  fluid 
again  raised  to  the  boil.  Rapidly  filter,  and  estimate  the  sugar. 
Potato  starch  may  be  used. 

.  E,eps.„  act.  on  .peptone,  deulero-albumose,  and  ''^^'^^^^Zl 


and  Schumoff-Simonowski).  ferments  which  play  the  chief  part 

t  Xanthinoxydaseisoneofthe  foui  feime  ts  shic   P  y 

innuclein  metabolism;   (i)  ,  ^^^^^^^^^ 

and  muscle;  (.)  ^\^^tu3cle^^^ 

bases,  met  with  m  the  hver  ^'^d  jsch^  !  ^  ,,Mch  turns  hypoxanthm 


THE  CHEMICAL  EXAMINATION  OF  PUNCTURE-FLUIDS     7 1 


Walthei-  devised  a  method  similar  to  that  of  Mett  for  estima- 
tion of  pepsin.  Narrow  tubes  are  filled  with  starch  paste,  and 
the  length  of  column  after  digestion  is  read  off  with  a  lens 

Wohlgemuth  quite  recently  (1908)  advocates  a  method  in 
which  the  degree  of  reaction  is  estimated  colorimetrically  by  the 
use  of  decinormal  iodine. 

2.  Invertase. — This  is  detected  by  the  formation  of  reducing 
substance  after  incubation  with  a  5-per-cent.  solution  of  cane- 
sugar,  toluol  having  been  added.    The  glucose  may  be  estimated. 

3.  Lipase. — This  ferment  is  more  abundant  in  exudates  than 
in  transudates. 

(a)  The  neutral  fluid  is  treated  with  a  few  drops  of  ethyl 
butyrate  in  a  test-tube  and  litmus  solution  added.  After  twenty- 
four  hours'  incubation  the  litmus  is  found  red  if  lipase  is  present, 
while  a  control  tube  is  unaltered. 

Titration  with  baryta  would  enable  the  amount  of  ferment 
to  be  calculated,  supposing  that  the  same  length  of  incubation 
were  given  in  every  experiment. 

Robscn  and  Cammidge  point  out  that  a  trace  of  calcium  salt  must  be 
added  to  the  fluid  to  be  tested  in  the  case  of  pancreatic  cyst  fluid,  as 
pancreatic  ferment  alone  will  not  react. 

ih)  Alternative.  Ethyl  butyrate  may  be  replaced  by  an 
ethereal  extract  of  olive  oil  containing  sodium  carbonate,  the 
extract  being  allowed  to  evaporate.  The  advantage  of  this  is 
that  one  has  a  ready  means  of  preparing  the  requisite  neutral 
fat,  instead  of  having  to  prepare  or  purchase  ethyl  butyrate. 

4.  Pepsin. — The  number  of  methods  which  have  been  advo- 
cated for  estimating  the  amount  of  pepsin  in  a  fluid  is  remarkable, 
and  may  be  taken  to  indicate  that  no  one  of  them  is  quite 
satisfactory. 

The  chief  methods  may  be  classified  as  follows  : 

1.  Methods  where  the  amount  of  albumen  left  untouched  is  noted, 
e.g.  measurement  of  the  column  of  albumen  left  in  Mett's  tubes. 

2.  Methods  where  the  products  of  digestion  are  examined  (estimation 
of  alteration  in  acidity  ;  Volhard's  method). 

3.  Methods  based  on  the  determination  of  nitrogen  in  the  residue  and 
in  the  solution  after  digestion. 

4-  Special  methods  : 

Liebmann  observes  the  time  occupied  in  clarifying  an  emulsion  of 
coagulated  egg-albumen  in  which  hydrochloric  acid  is  present.  He  gives 
a  table  which  he  has  prepared  by  taking  known  strengths  of  pepsin  solu- 
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tions  (Armour's  pepsin)  and  observing  the  time  occupied  in  dissolving 
the  egg-albumen. 

The  method  has  the  great  objection  that  one  is  helpless  without  his  table. 

Iticin  Methods. — Solms  places  2  cc.  of  a  o-25-per-cent.  solution  of  ricin  in 
50  percent.  NaCl  in  each  of  a  series  of  test-tubes,  and  also  places  0-5 cc. 
decinormal  hydrochloric  acid  into  each  tube.  Successive  strengths  of  the 
pepsin  solution  are  added  to  each  tube  (i  cc.  boiled  fluid  ;  0-9  cc.  of  boiled 
fluid  +  0-1  cc.  of  unboiled  fluid  diluted  100  times  ;  8  cc.  boiled  +  -2  cc.  unboiled 
diluted  fluid  ;  -5  cc.  boiled  +  -5  cc.  unboiled  diluted  ;  10  cc.  unboiled  diluted 
fluid).  The  corked  tubes  are  incubated  for  three  hours,  and  it  is  then 
noted  in  which  tube  the  fluid  has  become  clarified. 

A  fluid  of  which  i  cc.  in  a  hundred-fold  dilution  clears  up  the  turbidity 
in  three  hours  is  a  fluid  containing  100  pepsin  units. 

This  method  is  most  useful,  of  course,  in  the  analysis  of  ordinary  gastric 
contents.  It  may  be  doubted  whether  there  is  any  gain  in  estimating 
the  amount  of  pepsin  in  a  puncture-fluid  from  a  cavity  which  might  contain 
pepsin. 

A  discussion  on  this  method  occurred  at  the  Berliner  Med.  Gesellschaft 
in  July  of  1907,  Klemperer  there  advocating  the  use  of  edestin  in  place  of 
ricin  (i-per-cent.  solution),  but  Jacoby  and  Fuld  failed  to  see  any  advan- 
tage in  such  a  modification.    Reicher  recommends  Jacoby's  method. 

Fuld's  Method. — This  was  devised  in  order  that  the  presence  of  pepsin 
could  be  detected  within  a  minute. 

To  2  cc.  of  a  i-per-cent.  solution  of  edestin  in  ^-g^  normal  HCl  is  added 
enough  of  the  hundred-fold  dilution  of  fluid  to  be  tested  as  shall  cause  a 
precipitate.  After  incubation,  ammonia  is  poured  on  till  a  distmct  white 
ring  appears.  If  the  ring  does  not  appear  it  means  that  more  than  four-fifths 
of  the  albumen  has  been  digested.  The  temperature  of  incubation  and  the 
time  of  digestion  may  be  arranged  as  desired  by  adjusting  the  strengths 
of  the  solutions.    The  test  is  described  as  exceedingly  delicate. 

Blum  and  Fuld  describe  a  method  of  estimating  pepsin  by  estimating 
the  rennet  [chymosin),  which  they  assert  runs  parallel  with  pepsin.  For 
this  purpose  a  special  preparation  of  dried  milk  is  used.  It  is  not.  however, 
necessary  to  refer  more  closely  to  this  method,  as  it  is  applicable  only  to 
gastric  contents.* 

An  ingenious  method  of  estimating  the  progress  of  proteolysis  by  the 
use  of  the  viscosimeter  has  been  utilised  by  Spriggs.  Starting  with  a  given 
proteid  solution,  the  more  the  proteid  becomes  resolved  into  its  decom- 
position products  the  less  viscous  will  the  fluid  become.  The  diminution 
of  the  viscosity  may  be  used  as  a  measure  of  the  progress  of  digestion, 
since  the  addition  of  acid  to  a  proteid  alone  does  not  alter  the  viscosity 
for  a  very  considerable  time. 


*  In  any  case,  the  method  is  cumbersome,  as,  to  estimate  the  rennet- ^ 
succession  of  tubes  with  different  dilutions  is  used.  Twenty  or  thirty 
tubes  being  necessary,  the  method  cannot  be  described  as  convenient,  nor 
can  it  be  of  ready  application  (an  argument  which  applies  with  equal 
force  to  Brandberg's  method  of  estimating  albumen  in  unne).  A  nai 
gross  of  test-tubes  used  for  any  one  estimation  is  to  be  avoided  unless 
there  are  plenty  of  assistants  ! 
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The  velocity  of  reaction  was  deduced  by  this  formula,  based  on  a 
number  of  observations  : 

y=-k  (pP  )  n. 

where  )'  is  the  degree  of  viscosity,  which  is  still  capable  of  further  diminu- 
tion ;  p  is  the  relative  acidity  of  the  pepsin  ;  t  is  the  time  of  reaction  in 
seconds,  and  k  and  n  are  constants. 

The  only  objection  to  the  method  is  the  elaborate  apparatus  that  is 
advocated.  Of  course  one  could  at  intervals  abstract  a  portion  of  fluid 
and  test  it  with  the  Hess  instrument  (see  Section  II.),  keeping  the  room 
at  a  constant  temperature  within,  at  any  rate,  a  degree.  However,  this 
would  be  apt  to  become  tedious,  as  the  instrument  would  have  to  be  cleaned 
out  so  often  during  a  short  time. 

5.  Estimation  of  Trypsin.— The  best  method  is  that  pub- 
lished by  F.  Volhard.  The  principle  of  this  method  is  that  if  a 
special  preparation  of  casein,  to  which  hydrochloric  acid  has  beerj, 
added,  is  treated  with  pepsin,  the  acid  caseoses  formed  cease  to  be 
precipitable  by  sodium  sulphate,  so  that  the  fluid  is  more  acid  than 
before.  When  the  casein  is  exposed  to  trypsin  instead  of  pepsin, 
in  the  presence  of  alkali,  and  after  this  is  acidified  with  a  certain 
amount  of  hydrochloric  acid,  and  sodium  sulphate  added,  the 
increase  in  acidity  is  again  a  measure  of  the  amount  of  ferment 
action.    In  the  case  of  pepsin  the  increase  in  acidity  is  equal  to  — 

*  

k^/f.t, 

where  /  =  quantity  of  pepsin,  and  t  —  time  of  digestion. 
In  the  case  of  trypsin,  increase  in  acidity  =  ^*./. 
The  method  is  a  valuable  one,  and  the  procedure  is  as  follows  : 
Preparation  of  the  Casein  Solution. — 100  grammes  of  finely 
granular  casein  (Chem.  Fabrik,  Rhenania,  Aachen)  is  dissolved 
in      litres  chloroform  water,  and  80  cc.  of  wNaOH  added.  As 
soon  as  the  casein  has  dissolved  in  the  water-bath  the  fluid  is 
heated  rapidly  to  90°C.  to  kill  ferments  and  bacteria,  and,  on 
cooling,  the  bulk  is  made  up  to  2  htres,  and  toluol  added.  The 
reagents  must  be  kept  in  Woulff  bottles. 

Solutions  required  : 

Casein  solution 
>;/4  NaOH 
n  HCl 
20%  Na,SO, 
Chloroform  water 


*  In  each  case  k  is  a  constant. 
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Procedure.— Three  flasks  are  used,  each  having  a  300-cc. 
mark  at  the  lower,  and  a  400-cc.  mark  at  the  upper  end  of  the 
neck.  Each  receives  100  cc.  of  casein  solution,  and  chloroform 
water  is  added  up  to  the  lower  mark.  To  No.  i  flask  add  5  cc. 
neutralised  fluid  and  11  cc.  nUCl,  to  another  (No.  2)  add  5  cc. 
neutralised  fluid  alone.  Flask  3  is  the  control.  Incubate  at 
40°  C.  for  about  eighteen  hours,  and  then  add  11  cc.  nHCl  to 
flasks  2  and  3,  shaking  till  the  precipitate  is  dissolved.  20  per 
cent,  sodium  sulphate  is  added  up  to  the  400-cc.  mark,  shaking 
well.  This  precipitates  the  undigested  casein.  Filter  through 
a  dry  filter,  and  titrate  200  cc.  with  w/4  soda,  against 
phenolphthalein. 

The  increase  of  acidity  is  a  measure  of  the  amount  of  ferment. 
The  number  of  cubic  centimetres  of  soda  needed  to  neutralise 
200  cc.  of  flask  I,  minus  the  number  required  for  flask  3,  gives  the 
amount  of  pepsin,  the  number  required  for  flask  2,  minus  that 
required  for  flask  3,  gives  the  value  for  trypsin,  so  that  the  ratio 
pepsin/trypsin  is  readily  obtained. 

In  spite  of  its  apparent  complexity,  this  process  is  not  at  all 
troublesome  to  carry  out,  and  can  be  highly  recommended. 

A  series  oi  most  important  researches  dealing  with  the  estimation  of 
proteolytic  ferment  action  has  been  made  by  Sorensen.  He  started  with 
the  assumption  that  in  the  main  proteolysis  is  a  hydrolysis  with  the  forma- 
tion of  carboxyl  and  amino  groups.  The  other  groups  taking  part  m  the 
decomposition  are  assumed  to  be  negligible.  The  amino  groups  can  be 
"  fixed  "  as  it  were,  by  formol,  and  the  carboxyl  groups  can  then  be 
estimated  by  titration  with  n/5  barium  hydroxide  against  thymoiphthaleiu . 
The  number  of  centimetres  used  multiplied  by  2-8  gives  the  number  of 
milligrammes  of  nitrogen,  since  the  formation  of  each  carboxyl  corresponds 
to  the  formation  of  an  amino  group.    The  reaction  is  exemplified  thus  : 

CH  .  NH.,  +  HCOH  +  KOH  — > 
I         -  ^  CH.  N :  CH,  +  H,0  -1  H,0 

COOH  COOK 

The  conditions  for  the  reaction  are  (i)  a  suitable  strength  of  formol ;  {2) 
a  suitable  concentration  of  hydrogen  ions;  (3)  a  suitable  indicator,  which 
shall  be  sensitive  for  the  particular  degree  of  concentration  of  hydrogen 
ions;  (4)  a  suitable  volume  of  fluid.    If  these  conditions  be  not  fulfilled 

the  reaction  will  reverse. 

The  objections  to  the  method  are  that  it  gives  inexact  results  with  prolm 
and  tyrosin  and  guanidin  salts.    Thymoiphthaleiu  cannot  be  used  if  the 
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alcohol  in  it  separates  out  in  the  fluid  titrated  where  the  proteids  arc  only 
soluble  in  alcohol  with  difficulty.  A  great  objection  to  the  method  lies  in 
the  third  condition,  since  one  has  to  modify  one's  procedure  according  to 
the  products  to  be  estimated  and  accoi^ding  to  the  ferments  employed. 
The  difference  in  the  value  for  enzyme  action  as  measured  by  formol 
titration  from  that  as  measured  by  precipitation  with  tannic  acid  *  and 
Kjeldahlising,  is  very  great  indeed.  However,  important  improvements 
in  the  method,  with  more  concise  instructions  as  to  its  use,  may  be  expected 
to  follow. 

6.  Guanase  and  Nuclease. — The  ferments  may  be  isolated  t  by 
suspending  the  precipitate  resulting  from  addition  of  ammonium  sulphate 
to  the  extent  of  66  per  cent.  The  pseudo-globulin  so  precipitated  carries 
the  ferment,  just  as  the  same  body  carries  lecithin.  If  this  suspension  be 
shaken  with  chloroform  for  an  hour  and  then  dialysed  against  running 
water  till  free  of  ammonia — a  procedure  which  involves  6  to  8  days — 
the  filtrate  will  be  found  to  be  slightly  coloured  and  to  be  devoid  of 
purins. 

Since  the  ferment  is  characterised  by  converting  free  purin  bases  into 
uric  acid  the  presence  of  this  ferment  can  be  detected  by  ascertaining  if 
guanin  be  converted  into  uric  acid  or  no. 

The  guanin  is  dissolved  in  normal  soda,  and  the  chloroformed 
mixture  kept  at  body  heat,  and  air  at  43°  is  passed  through  for  three 
days.  The  oxidising  action  is  necessary  in  order  that  uric  acid  may  be 
produced. 

If  the  fermentation  is  allowed  to  take  place  in  the  absence  of  an  air 
current  (six  days'  incubation  at  37°  C.)  xanthin  J  may  be  searched  for  in 
order  to  prove  the  presence  of  the  guanase. 

This  ferment  action  is  a  desamidisation,  whilst  the  other  action  is  a 
pure  oxidation. 

Nuclease  may  be  detected,  according  to  Abderhalden  and  Schittenhelm, 
by  the  action  of  (10  cc.)  the  fluid  on  a-thymonucleate  of  soda  (10  gra. 
dissolved  in  250  cc.  water)  at  37°  C.  for  several  days,  toluol  having  been 
added  to  prevent  decomposition.  The  resulting  medium  will  have 
become  fluid  and  clear,  and  will  not  set  on  cooling  if  nuclease  be  present. 


*  Tannin  method.  20  cc.  fluid  are  neutralised  with  HCl  or  soda,  and 
2  cc.  normal  sodium  acetate,  neutral  to  litmus,  are  added.  Then  add 
10  cc.  of  lo-per-cent.  aqueous  tannin  and  fill  up  to  50  cc.  with  water.  Shake 
well.  Stand  overnight.  Filter  next  day.  Estimate  the  N  in  25  cc. 
Filtrate  by  Kjeldahl's  method.  Multiply  the  result  by  2  to  obtain  the 
N-content  of  20  cc.  in  milligrammes. 

t  Schittenhelm. 

%  To  detect  and  estimate  xanthin.— The  value  of  this  lies  in  the  adop- 
^on  of  the  method  for  estimating  the  amount  of  guanase  present  in  a  fluid 
The  albumen  is  first  removed  by  boiling  in  faintly  acid  (acetic)  reaction 
and  silver  nitrate  is  added  to  the  filtrate.  The  precipitate  is  washed  in 
water,  and  then  warm  hydrochloric  acid  is  added.  The  filtrate  is  dried 
and  boiled  with  dilute  ammonia  to  remove  the  hydrochloric  acid  and  'eft 
on  ice  overnight.    The  filtrate  contains  xanthin 
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Purin  bodies  can  also  be  searched  for  as  evidence  of  the  action  of  this 
ferment.* 

The  nature  of  nuclease  has  been  the  subject  of  much  discussion.  Some 
authors  consider  it  to  be  the  same  as  trypsin,  but  if  trypsin  be  added  to 
nuclease  the  action  of  trypsin  will  cease.  This  ferment  occurs  normally 
in  the  thymus,  pancreas,  and  kidneys  in  cows. 

7.  Oxydases. — Sieber  gives  the  characters  possessed  by  three 
varieties  of  oxydases. 


I 

11 

III 

r  in  water 
Solubility  A  in  neutral  salts 

in  alcohol  and  water 

Salting  out 
Effect  of  heat 

Amount  of  sugar  acted  on  in  two 
days 

Rate  of  inversion  of  disaccharids 
Rate  of  inversion  of  polysaccharids 

+ 

destroyed 

69% 
slow 
rapid 

+ 

easily  destroyed 

immediate 
less  rapid 

+ 

destroyed 

80% 
slow 
less  rapid 

Detection  and  Estimation  of  Oxydase  (Jolles'  Method).— "05  cc.  of  the 
fluid  to  be  tested  is  mixed  with  about  30  cc.  of  0-9  per  cent.  NaCl  in  a 
50  cc.  flask  and  filled  up  to  the  mark  with  the  saline.  10  cc.  of  this 
mixture  are  treated  with  30  cc.  of  neutral  Ufi,  and  incubated  in  the  cold 
incubator  for  twenty-four  hours,  the  time  of  commencement  being  noted. 
After  this,  sulphuric  acid  is  added  to  stop  the  action,  and  the  time  is  agam 
noted.  Potassium  iodide  is  added  drop  by  drop.  Iodine  separates  out, 
and  after  an  hour  the  iodine  is  titrated  with  decinormal  thiosulphate. 
The  original  strength  of  the  hydrogen  dioxide,  less  the  strength  at  the 
conclusion  of  the  experiment,  shows  the  amount  decomposed  by  o-oi  cc.  of 
blood.  The  amount  decomposed  by  i  cc.  is  the  "  catalysis-figure,"  which 
is  normally  18  to  30  for  blood. 

A  similar  method  has  been  used  by  v.  Dalmady  and  v.  Torday,  but  their 
work  is  confined  to  the  blood  itself. 

Van  Itallie  has  used  the  method,  with  slight  modifications,  m  order  to 
distinguish  between  the  blood  of  different  animals  by  the  varying  catalytic 

^"Tanthin  oxydase  was  estimated  by  Burian  by  ascertaining  how  much 
uric  acid  was  produced,  and  the  velocity-constant  of  this  action  was  made 
out  to  be  as  of  a  reaction  of  the  first  order. 


*  To  test  for  purins.— Add  sulphuric  acid  to  the  filtrate  to  remove  free 
nucleic  acid,  and  to  the  filtrate  add  mercury  sulphate,  -"'-^h 
down  the  purins.  The  purin  precipitate  is  soaked  in  water,  and  HQ  and 
H,S  added  to  remove  the  mercury,  the  H.S  bemg  removed  by  an  a,r- 
current.  Ammoniacal  silver  nitrate  may  now  be  "^^d  to  precipita^^^  the 
purins  Filter  and  wash.  Heat  the  precipitate  with  HCl.  filter  of!  the 
sUver  chloride,  and  add  H,S  and  again  filter.  The  filtrate  is  evaporated 
and  the  purins  separate  out,  are  purified,  dried,  and  weighed. 
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The  following  reaction  may  be  used  to  detect  the  presence 
of  oxydase  m  leucocytes  : 

A  recently preparedsolution of  a-naphthol  in  water  (i  percent.), 
containing  I  per  cent,  of  sodium  carbonate,  is  poured  over  the 
film  and  left  for  one  or  two  minutes.  After  a  momentary  wash 
in  distilled  water,  a  few  drops  of  i  per  cent,  aqueous  dimethyl- 
paraphenylenediamine  (Marke  Schuchardt)  is  poured  over  the 
film.  If  blue  granules  appear,  oxydase  is  present.  The  film 
should  be  fixed  either  with  alcohol  or  with  formol  vapour.  The 
preparation  has  to  be  examined  in  water  and  will  not  keep.  The 
solutions  should  be  fresh. 

The  explanation  of  the  reaction  is  that  the  ferment  in  the 
granules  converts  the  two  reagents  used  into  naphthol  blue 
according  to  the  formula  : 

Eosinophile  granules  come  out  blue  also.  According  to 
Pappenheim,  it  is  a  pyrrhol  reaction  (see  p.  58). 

8.  Peroxydase. — O.  v.  Fiirth  has  described  a  method  of  estimating 
this  ferment  spectrophotometrlCally  with  the  aid  of  malachite  green.  He 
found  this  ferment  within  leucocytes,  so  that  one  might  e.xpect  to  find  its 
presence  in  inflammatory  fluids  or  purulent  exudates. 

Whether  oxydase  and  peroxydase  are  special  enzymes  is  uncertain, 
as  the  action  is  a  property  common  to  very  many  enzymes. 

9.  Catalase. — JoUes'  and  Oppenheim's  method  of  detecting  catalase 
involves  the  following  procedure  : 

(a)  Preparation  of  a  i-per-cent.  solution  of  hydrogen  dioxide.  The 
solution  is  neutralised  with  decinormal  soda,  and  titrated  in  presence  of 
sulphuric  acid  with  decinormal  potassium  permanganate  (standardised 
against  decinormal  oxalic  acid). 

I  cc.      oxalic  acid  =  1-701  mgm.  Hp^;  1  cc.  ~  oxalic  acid  =  I  cc.  —  KMnO^. 

The  number  of  cubic  centimetres  of  permanganate  will  therefore  enable  the 
number  of  milligrammes  of  hydrogen  peroxide  present  in  100  cc.  of  the 
solution  to  be  calculated.  It  is  then  diluted  till  it  reaches  i  per  cent. 
The  authors  recommend  permanganate  titration  rather  than  the  iodometric 
method. 

(b)  Preparation  of  a  solution  of  sodium  hyposulphite  to  estimate  the 
H,0,  which  remains  unaltered  by  the  catalase.— (A)  25  gm.  are  dissolved 
m  a  litre  of  water ;  (B)  3-874  gm.  purest  potassium  bichromate  are  also 
dissolved  in  a  litre  of  water  (20  cc.  of  this  =  0-201  gm.  iodine).  20  cc  of  this 
second  solution  are  placed  in  a  stoppered  flask,  and  10  cc.  of  lo-per-cent  KI 
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added.    In  five  minutes  add  loo  cc.  water  and  titrate  the  iodine  with  the 
liyposulphite  solution  against  starch  paste  as  indicator.    Each  cubic  centi- 
metre of  hyposulphite  corresponds  to       pf         a  used  ^"  ^ 
(c)  Dilute  the  fluid  to  be  tested  up  to  500  cc.  ■ 

Now  ascertain  {i)  number  of  cubic  centimetres  solution  A  needed  to 
react  with  20  cc.  of  the  standard  solution  of  («)  number  of  cubic 

centimetres  solution  A  needed  to  react  with  a  mixture  of  2  cc.  of  fluid 
to  be  tested,  plus  20  cc.  solution  of  H.p.,. 

{{—It)  X  X  gm.  H.p.,  =  No.  of  gm.  HjO.^  decomposed. 

The  time  of  exposure  to  the  HP_,  should  always  be  the  san\e. 

This  ferment  is  most  likely  to  be  present  in  effusions  con- 
taining blood,  since  it  has  been  found  by  Silbergleet  and  Mosse 
that  the  activity  of  the  catalytic  power  depends  on  the  varying 
content  of  red  cells,  whether  healthy  or  diseased. 

10.  Precipitins. — In  order  to  estimate  the  amount  of  these, 
Hamburger  employs  the  special  tubes  which  he  has  devised 
(Fig.  5).  The  serum  and  the  antiserum  are  measured,  mixed, 
and  then  centrifuged  till  the  precipitate  has  a  constant  volume. 
The  exact  reading  is  made  with  the  help  of  a  lens.  This 
procedure  has  not,  so  far,  been  applied  to  puncture-fluids. 


EXPERIMENTS  ON  THE  FERMENT-CONTENT  OF 
VARIOUS  SEROUS  EFFUSIONS 

The  accompanying  table  will  show  the  results  which  have 
been  obtained  by  testing  peritoneal  and  pleural  fluids  for  their 
ferment-content.     The  most  convenient  method  of  applying 
such  tests  has  been  found  to  consist  in  using  short  test-tubes 
(4  by  i  inches)  duly  sterilised  and  plugged.   A  series  of  four-ounce 
flasks  were  also  sterilised,  and  the  following  media  were  prepared 
in  them  :  a  thin  emulsion  of  boiled  starch,  i-per-cent.  solutions  of 
glucose,  lactose,  mannite,  dulcite,  cane-sugar,  and  ordinary  cen- 
trifuged milk  coloured  with  litmus.    100  cc.  was  found  sufficient 
in  each  case.    A  number  of  the  sterile  tubes  were  then  filled 
with  these  media  and,  as  a  precaution,  further  sterilised  in  the 
usual  way.    In  the  sugar  media  Durham's  tubes  were  inserted 
(prepared  from  ordinary  glass-tubing),  the  air  bemg  expelled 
during  the  process  of  sterilisation     The  cotton-wool  plugs  were 
dyed  with  methylene  blue,  methylene  green,  aurantia,  saffranm, 
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and  gentian  violet,  so  as  to  distinguish  those  media  which  were 
colourless. 

In  testing  a  given  fluid,  one  of  each  of  these  tubes  was  charged 
with  a  small  quantity  (not  measured)  *  of  the  fluid,  and  enough 
toluol  added  to  form  a  covering.  The  tubes  were  shaken  to  dis- 
tribute fluid  over  medium,  and  were  incubated  at  37°  for  either 
twelve  or  twenty-four  hours  in  different  cases.  At  the  end  of 
that  time  fermentation  was  noted,  if  present,  and  the  reaction 
ascertained  by  drops  of  litmus  solution. f  In  the  case  of  starch, 
the  medium  was  tested  fii-st  with  liquor  iodi,  and,  secondly,  with 
Fehling's  solution.  In  the  case. of  the  cane-sugar  Fehling's  test 
was  alone  applied. 

In  addition  to  these  media,  plain  test-tubes  of  the  same  size 
were  used  to  test  the  lipolytic  ferment  by  the  ethyl  butyrate 
method,  and  for  proteolytic  ferments  by  the  use  of  Mett's  tubes 
in  (fl)  acid  and  (b)  alkaline  medium.  The  tubes  were  not  used 
for  quantitative  tests,  but  were  found  convenient,  and  the  egg- 
albumen  was  more  easily  and  more  economically  stored  in  this 
way. 

The  Reducing  Pov^er  of  Puncture-Fluids.— This  is 
met  with  in  inflammatory  exudates,  and  also  in  the  cerebrospinal 
fluid.  It  has  been  best  studied  in  the  blood,  urine,  and  bile 
(Melon,  Migharini). 

The  reducing  power  of  i  cc.  of  blood  is  equivalent  to  65  cc.  of 
decinormal  KMn04,  that  of  serum  to  51,  and  is  found  to  be 
mcreased  in  pneumonia  and  diabetes.  The  chief  value  of  the 
observations  lies  in  the  fact  that  the  reducing  power 'is  constant 
at  aU  times,  but  it  varies  according  to  the  amount  of  KMn04 
used,  according  to  the  action  of  the  light  and  according  to  the 
time  occupied  by  boiling  the  blood  with  the  KMn04. 

Ferments  in  Leucocytes.— It  is  to  Leber  in  1891  that  we 
owe  the  discovery  that  aseptic  pus  has  the  power  of  digesting 
proteid  matter.  He  found  that  such  pus  will  liquefy  gelatine 
at  25°C.  Not  much  notice  of  these  observations  seems,  however 
to  have  been  made  till  Erben  in  1903  published  an  account  of 
lerment  action  in  the  blood  of  leuc^mics,  shown  by  the  presence 
ot  albumoses,  a  fact  which  Schumm  pointed  out  in  specimens 

expcrimrtl!'^''"'"  unnecessary  in  this  series  of 

t  More  rapid  than  the  use  of  litmus  paper. 
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of  blood  removed  post  mortem  from  leucccmics.  The 
serum  contained  deutero-albumose-like  substances,  and 
and  ty rosin. 

TABLE  X 


Ferments  in  Puncture-Fluids 


Nature  of  Specimen. 

Starcli. 
Glucose. 

2      S  o 

ana 

Cane-sugar. 

Proteolytic 
(acidl 

Proteolytic 
(alk.) 

Milk. 

—  rt 

rubercular  Pleurisy  ... 

II  " 
Simple  Pleural  Effusion 

trace  ... 
o 
o 

0  trace  o 

O    1  0 

tracel  ... 
trace  ... 
trace  ... 

O  o 
trace  ... 

O 

"3 

Idiopathic  Pleural  Effu- 
sion ... 
Tubercular  Pleurisy  ... 

o 
o 

0 

? 
0 
0 

trace  .. 
o  0 
0  o 

0 

o 

o  .. 

Cardiac  raiiuit, 
Empyema   

0 

+  +  + 

+  0 

o      o  0 
0  0 

0  + 
0  0 

+ 

o 

V 

"            •  '  '  n 

Postpneumonic  gan- 
grene of  lung 

+  +  +  o 

0       0  4 

o  0 

O  4 

-r 

Back-pressure... 
Tuberculous  ... 
Cardiac  Failure 

+ 
0 

o 

.       -i-  •• 

.  o 

.  trace  . 
+  . 

0 

j^.  ••• 

'a 

<u 
c 

2.  - 

Chronic  Peritonitis  ... 

(Cir- 

rhosis  of  Liver) 
Carcinomatosis 

1' 

Polyorrhomenitis 
Atrophic    Cirrhosis  of 

Liver... 
Cardiac  Failure 
Renal  ... 

CEdema  sine  Albumin- 
uria ... 

+  -r  •■• 

+ 

0 
0 

+  0 
0 

+  +  o 

+  0 

o  o 

0  + 

O  0 

0  0 
4-  + 
0  0 

0  o 

0 

..  trace  . 
□  o 

..  0 

o  o 

4-  O 
O  0 

+  o 

D  0 

0  o 
0  o 
0  o 

4-      0  1 

0  0 

4-  4- 
4-  4- 
0  o 

0  0 

CEdemaf  Cardiac  Failure 
Fluid  \      ,>  " 

0 

O  0 

o  o 

1 

...  tracel 
0  o 

? 

0  0 

O  0 

ous. 

• 

Pancreatic  Cyst 

1  .1 

4- 

4-  4- 

...1... 

4-  4- 

Miscellane 

II          "          .  * ' ' 

-  Unilocular  Broad  Liga- 

1     ment  Cyst  ... 
Unilocular  Cyst 

+  +  +  -t 

trace  C 

.  + 
)  ... 

o 

0  0 

4-  4- 
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To  Miiller  and  Jochmann  we  owe  the  further  discovery  that  if 
purulent  sputum  be  placed  on  Loffler's  serum,  digestion  of  the 
latter  will  take  place,  and,  moreover,  that  the  blood  of  leucaemic 
patients  produces  the  same  solvent  effect.  The  solvent  action 
did  not  occur  if  the  blood  had  been  heated,  a  fact  which  proved 
that  the  leucocytes  of  leucaemic  blood  contain  a  ferment  capable 
of  acting  on  dried  blood-serum.  This  ferment  is  a  proteolytic, 
and  of  a  tryptic  nature.  Besides  this  discovery,  there  is  that  of 
the  fact  that  the  serum  of  blood  contains  a  body  which  will 
inhibit  the  hquefying  action  of  pus-cells,  a  property  which  is 
also  thermolabile,  being  destroyed  at  a  temperature  above  55°  C. 

Many  other  observers  have  corroborated  these  observations, 
though  they  were  not  absolutely  new.  Thus,  Opie  found  that  in 
inflammatory  exudates  due  to  bacterial  causes  a  proteolytic 
enzyme  was  present,  and  he  tested  it  by  the  effect  on  aleuronat, 
and  a  N-estimation  by  Kjeldahlising  after  coagulation.  Opie 
also  noted  the  interfering  action  of  the  serum  on  this  leucocyte 
ferment,  and  that  it  was  thermolabile.  Pfeiffer  found  the  pro- 
teolytic ferment  in  the  polymorphonuclear  neutrophil  leucocytes, 
which  explained  the  autolytic  processes  noticed  in  leucEemia! 
The  autolysis  was  estimated  by  the  amount  of  non-coagulable 
nitrogen. 

Stem  and  Eppenstein  showed  that  the  ferment  can  be  detected 
just  as  easily  by  gelatin  as  by  blood-serum. 

The  interesting  fact  was  found  that  this  proteolytic  ferment 
will  withstand  admixture  with  formalin  perfectly  well,  so  that 
Its  occurrence  can  be  demonstrated  in  specimens  that  have  been 
subjected  to  the  Kaiserling  process  even  years  ago. 

Objection  has  been  made  to  these  facts  by  Baer,  who  pointed 
out  that  the  digestion  was  tested  for  by  the  use  of  a  denaturalised 
albumen,  and  that  the  process  could  not  be  compared  with  auto- 
lysis The  ferment  is  acting  on  a  foreign  albumen,  and  the  process 
IS  therefore  heterolytic.  The  distinction  becomes  important 
rom  the  fact  that  the  spleen  of  cows  and  horses  can  show  auto- 
lytic effects  but  cannot  be  made  to  act  heterolytically,  and  this 
absence  of  heterolytic  power  might  be  looked  on  as  an  antiferment 
action  when  there  is  really  no  antiferment  action  in  the  process 

fermentTJ  '"^""^  ^°"tains  an  antii 

conTaTn  '^^'^''^J  heterolysis,  while  the  pus-cells 

contain  a  ferment  for  autolysis  and  a  ferment  for  heterolysis. 
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The  preponderance  or  otherwise  of  the  polynuclear  leucocyte  in 
an  effusion  will  account  for  the  diminution  or  increase  in  the 
amount  of  antiferment  present.  Thus,  in  septic  diseases  *  the 
antiferment  is  almost  abolished,  while  in  tuberculosis  antiferment 
is  present  in  increased  amount.  In  tuberculosis  the  effusion 
usuaUy  contains  an  excess  of  lymphocytes  (see  Section  V.),  which 
are  not  characterised  by  ferment  granules.  In  anaemia,  whether 
primary  or  due  to  hsemorrhage  or  to  malignant  tissue,  the  anti- 
ferment-content  is  normal  or  even  diminished. 

Autolysis.— The  fact  that  autolytic  processes  may  occur  in 
exudates  and  transudates  seems  to  have  been  first  established 
by  Salkowski  in  1890.  The  problem  which  is  most  discussed  is 
as  to  whether  autolysis  is  in  any  sense  a  vital  process.  Wiener, 
Poll  Langstein,  and  Neubauer  considered  that  autolytic  pro- 
cesses could  not  take  place  in  a  living  cell ;  but  in  order  to  establish 
this  it  would  be  necessary  to  ascertain  whether  autolysis  can 
occur  in  an  alkaline  medium.  That  this  is  actuaUy  the  case  has 
been  made  out  by  Drjewzki  (1906).  •    ^t,   r  4. 

The  practical  value  of  the  subject  of  autolysis  lies  m  the  fact 
that  in  certain  fluids  no  autolytic  changes  are  to  be  made  out 
The  existence  of  certain  ferment  reactions  might  be  accounted 
for,  on  the  other  hand,  by  assuming  autolytic  changes  to  have 

taken  place.  u  t-^r^nt- 

Driewzki's  method  of  study  was  as  follows  :  The  substance 
to  be  tested  is  diluted  with  water  and  75  per  cent,  chloroform 
is  added.    Another  mixture  is  alkalised  with  sodium  carbonate^ 
A  third  mixture  is  boiled.    The  three  mixtures  are  mcubated 
for  a  given  time,  then  brought  to  the  boiling-point,  made  up  to 
a  litre  and  the  fluids  filtered.   Next  day  the  filtrates  are  concen- 
trated to  400  cc,  and  in  the  filtrate  the  following  pro^^^^^^ 
carried  out :  (.)  From  20  cc.  estimate  the  N.  i^f<'^'^'^-!^'l^^^ 
,b)  To  50  cc.  add  5  cc.  dilute  HCl  and  10  per  cent.  V^'<'^J>^otnnsstic 
acid  tiil  a  precipitate  ceases  to  fall.    The  filtrate  is  ^^^^^ 
to  get  monaM^d-N.    {0  50  cc.  receive  x  cc.  dilute  sulphunc  acid^ 
Saturate  with  zinc  sulphate,  and  leave  to  ^^and  twenty^^^^^^^^^^^^ 
forty-eight  hours.    The  precipitate  (albumose)  is  K  eldahl  .ed 
=  IliuLe-N.^    id)  100  cc.  are  alkalised  with  a  few  diops  of 

;  Thrprecipitate  must  be  thoroughly  dry  before  Kjeldahlising.  else 
the  flask  will  burst. 
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ammonia,  and  the  phosphates  are  filtered  off.  Add  3  per  cent, 
ammoniacal  silver  nitrate  to  precipitate  the  purins,  and  after 
twelve  hours  (darkness)  the  precipitate  is  collected,  washed,  and 
K  j  eldahlised  =  purin-  N. 

a. — (b  +  c  +  d)  =  nitrogen  of  diamino-acid,  peptone,  and 
ammonia. 

The  following  results  were  obtained  in  one  of  his  cases  : 


Analysis  after  72  hours' 
autolysis. 

A 

without 
Na.,C03 

B 

with  NaXOa 
and  ferments. 

C 

with  NajCOa, 
no  ferments. 

D 

coagulated  at 
once. 

cr 
& 

% 
total N 

g 

% 

total N 

g 

% 
total  N 

g 

% 
total N 

Total  nitrogen 
Monamino  acids 
Albiimoses  ... 
Purin  bases  ... 
Diamino    acids  and 

6-S4S 
4-022 
0-490 
0-826 

6 1 -60 
7-48 
12-62 

4-1125 
2-184 

0-532 
0490 

53-16 

19-93 
11-91 

3-570 
1-722 
060 1 
0-C49 

48  23 
1683 
1-37 

3-IS 
0-756 

24-00 

peptones  ... 

I-I97 

18-3 

0-9065 

15-06 

1-198 

33-57 

This  shows  that  autolysis  still  occurs  in  an  alkaline  medium, 
although  it  is  true  that  the  velocity  is  much  slower  than  in  an 
acid  medium.  Column  D  is  a  control.  Another  answer  to  the 
question  as  to  ante-mortem  existence  of  an  autolytic  ferment  lies 
in  the  following  consideration  :  Why  should  a  ferment  exist  in 
a  cell  during  its  whole  life,  and  only  come  into  operation  after 
the  death  of  the  cell  ? 

The  Importance  of  Atitoly sis. —The  following  are  examples 
of  autolytic  decomposition  :  (i)  breaking  down  of  malignant 
tumours ;  (2)  acute  yellow  atrophy  of  the  liver  ;  (3)  et?usions  in 
process  of  absorption  ;  (4)  absorption  of  pneumonic  exudate— 
the  proof  of  this  lies  in  the  occurrence  of  amino  acids  in  the 
urine  ;  (5)  relaxation  of  rigor  mortis. 

Besides  these,  the  puerperal  changes  taking  place  in  the  uterus 
and  the  changes  of  phosphorus  poisoning  are  examples  of  auto- 
lysis. It  IS  natural  to  suppose  that  if  autolysis  occurs  in  diseases 
associated  with  effusions  we  should  be  able  to  find  evidence  of  it 
in  the  effusion  itself.  Consequently,  the  detection  of  albumose 
in  such  fluids  acquires  a  considerable  importance,  and  a  list  of 
the  cases  in  which  albumose  has  been  found  is  given  in  Table  II 
It  IS  there  seen  that  albumoses  frequently  occur  in  tubercular 
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pleural  cases,  and  also  in  empyema.  In  a  purulent  effusion  one 
would  expect  autolytic  processes  to  take  place  in  any  case,  as, 
from  experience  of  empyemas  which  have  been  opened,  one  has 
frequently  seen  a  digestive  action  being  exerted  on  the  exposed 
surf  S-CGS 

In  the  case  of  peritoneal  fluids  albumoses  are  frequently 
present,  just  as  peritoneal  fluids  in  general  have  been  found 
much  niore  complex  in  composition  than  are  pleural  fluids. 

That  the  presence  of  albumoses  does  not  necessarily  mean 
preceding  autolytic  processes  has  been  pointed  out  by  Magnus- 
Levy  and  by  Chvostek,  the  latter  having  found  albumoses  m 
the  urine  as  a  result  of  ulceration  of  the  intestine.* 

Again  there  is  the  possibility  that  the  appearance  of  such 
bodies  as  deutero-albumose  in  a  fluid  may  be  the  result  of  hetero- 
lysis  (Jacoby),  some  ferment,  say,  in  the  liver  havmg  somethmg 
to  do  with  the  process. 

The  substances  which  demand  search  in  order  to  study  this 

point  are : 

{a)  Leucin,  tyrosin,  glycocoU,  xanthm  bases. 

(6)  Ammonia,  cystin,  pentamethylenediamine,  lysm,  argimn, 
tryptophane,  asparagic  acid,  glutaminic  acid,  histidin. 

(c)  Thymin,  uracil,  H2S,  succinic  acid,  pentoses. 

{d)  Peptones  and  albumoses  are  merely  intermediate  pro- 
ducts. •  11    4.  1 

From  this  formidable  Hst  we  may  refer  especiaUy  to  leucm, 
tyrosin,  lysin,  argimn,  tryptophane,  as  these  have  been  most 
searched  for  in  peritoneal  ffuids.f  The  results,  which  wiU  be 
found  tabulated  under  the  various  headings,  go  far  to  show  that 
either  some  autolytic  changes  are  going  on  m  exudates  and 
transudates,  or  that  such  bodies  appear  as  the  result  merely  of 
accidental  transmission. 

The  only  way  of  distinguishing  between  autolysis  and  extra- 
neous causes  of  decomposition  is  to  watch  the  changes  which  the 
fluid  undergoes  on  bemg  kept  under  aseptic  conditions.  Such 
observations  may  be  made  without  going  into  lengthy  analytical 

*  Such  authorities  as  Abderhalden  have  denied  that  albumoses  occur 

'^'/Tht -special  tests  for  each  of  these  bodies  .Ul  be  found  indicated 
under  their  respective  headings. 
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processes  by  determining  the  variations  in  the  electro-conduc- 
tivity of  the  fluid  from  hour  to  hour  (thymol  added),  since 
decomposition  of  proteid  would  result  in  diminished  inhibition 
of  the  conductivity  of  the  electrolytes  of  the  fluid  (cf.  p.  99). 
The  following  results  were  obtained : 


TABLE  XI 
Autolysis  in  Puncture-Fluids 


Duration  in 
hours. 


Fluid  from  Ovarian 
Cyst. 


Pleural  Fluid 
Ruptured  Thoracic  Aneurysm. 


At  outset. 
22 
46 
70 
92 

117 
142 
170 
1 89 
381 


5-8  at  19-3°  C. 
818 
893 
9S\ 

981 


98s 
1059 


843  at  23°  C. 
889 

900 
960 

1062 
1073 


The  figures  represent  the  changes  in  conductivity  (expressed 
in  terms  of  lo-^)  and  it  will  be  seen  that  in  each  case  there  was 
a  steady  increase  in  the  ionisation  of  the  fluid.  This  seems  to 
point  to  the  existence  of  an  autolytic  decomposition,  though 
only  of  slow  development  and  moderate  in  amount.  The  initial 
fall  of  conductivity  in  the  case  of  the  ovarian  cyst  is  peculiar. 

According  to  Miiller  and  Magnus-Levy,  the  autolytic  decom- 
position of  albumen  is  accompanied  by  breaking  down  of  lecithin 
and  of  CHO  groups  into  volatile  acids,  lactic  acid,  and  succinic 
acid.    There  is  also  a  remarkable  amount  of  ammonia  hberated. 

Ascoh  and  Izar  discovered  that  autolytic  processes  are  very 
greatly  accelerated  by  the  presence  of  inorganic  colloids  such  as 
colloidal  silver,  platinum,  or  gold.    Arsenic,  on  the  other  hand 
may  inhibit  oxidation  (C.  Foa). 

As  regards  the  location  of  the  enzyme  there  are  two  possi- 
bilities to  consider.  In  the  first  place,  the  autolytic  ferment 
may  occur  as  an  endo-enzyme,  within  the  cells  of  the  puncture- 
nuid,  just  as  it  occurs  in  the  liver-cell,  the  spleen-cell,  the  lung- 
cell,  and  the  thymus-cell.  In  this  case  one  would  expect  that 
on  filtering  the  fluid  the  ferment  would  be  removed  The 
other  possibility,  however,  prevents  this  from  affording  any 
definite  evidence.    That  is  to  say,  the  ferment  in  the  fluid,  just  as 
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is  the  case  with  any  of  the  other  ferments  met  with  in  puncture- 
fluids  may  have  become  liberated,  owing  to  the  breakmg  up  of 
cells  remnants  of  such  cells  are  easily  seen  in  any  film  prepara- 
tion '  In  whichever  situation  the  ferment  may  be,  the  final  result 
is  the  same,  and  it  is  a  matter  of  no  very  great  importance  in 
which  way  exactly  the  ferment  came  to  be  in  the  fluid  at  all. 

But  when  we  consider  how  many  ferments  there  may  occur 
in  any  one  cell  it  comes  to  be  a  question  by  what  means  they 
can  all  be  accommodated  in  so  small  a  compass.    Pfeffer  and 
Hofmeister  considered  that  the  colloidal  structure  of  protoplasm 
aUows  the  ferments  to  be  within  the  cell,  distributed  not  only 
in  space,  but  in  thne  within  the  cell;  and  Jacoby,  who  has 
contributed  many  papers  on  the  subject  of  ferments  and  anti- 
ferments,  has  pointed  out  that  ferments  may  rcmam  m  a  state  of 
zymogen  for  a  long  time,  the  active  period  being  relatively  only 
a  momentary  one.    This  author  compares  a  ferment  to  a  toxm, 
and  supposes  it  possible  that  a  ferment  may  consist  of  a  hapto- 
phore  and  a  zymophore  group.    The  haptophore  group  would 
become  attached  to  part  of  the  cell  substance  and  lead  to  the 
formation  of  new  compounds,  which,  bemg  liberated  mto  the 
serum,  act  the  part  of  an  antiferment. 

It  is  interesting  to  note  that  the  solubility  of  ferments  is 
altered  by  the  presence  of  lecithin.    The  bearing  which  this 
observation  has  on  the  study  of  puncture-fluids  is  that  if  lecithin 
be  absent  from  a  puncture-fluid  its  absence  may  account  for  the 
presence  or  absence  of  any  given  ferment. 
^    Antiferments.-The  nature  of  antiferment  ^-f^on^s^rf^uli 
of  study,  and  indeed  it  is  a  very  great  matter  for  debate  as  to 
whether  the  phenomena  assigned  to  the  presence  of  -tiferment 
fe  really  the  result  of  specific  entities  at  all  and  no  rath,  th 
effect  of  adverse  conditions  of  a  general  natme.    It  .  easy  o 
ee  that  if  a  given  ferment  does  not  receive  activation  to  exactly 
the  degree  requisite  for  its  action,  an  apparent  inhibition  of 
ac  ion  might  occur.    Under  such  circumstances  the  observei 
Sht  assume  that  there  was  an  antisubstance  present  wh  n 
rfoLt  of  truth,  the  effect  is  due  to  the  absence  of  a  particulai 

"  are  many  arguments  m  favour  of  ^^l^.^^, 

is  no  such  thing  as  -  -t— ..^^^^  n.^n  a 
ferment  "  may  be  used  m  two  senses  .  y 
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ferment  exhibiting  properties  antagonistic  to  those  of  an  ordinary 
ferment,  or  it  may  mean  a  substance  which  interferes  with  the 
action  of  a  ferment. 

The  following  facts  may  tend  to  show  that  antiferments  do 
not  exist :  The  catalytic  decomposition  of  hydrogen  peroxide 
can  be  inhibited  by  the  addition  of  NaCl  (Lockemann) ;  blue 
light  inhibits  catalysis  ;  peroxydase  cannot  convert  pyrogallol 
into  purpurogallin  unless  hydrogen  dioxide  be  present,  or 
unless  an  iron  compound  such  as  haemoglobin  be  present,  or 
imless  NaCl  *  be  present ;  peptic  digestion  can  be  inhibited 
by  amino-bodies  (Jastrowitz)  ;  tryptic  digestion  can  be  in- 
hibited by  the  presence  of  excess  of  NaCl  and  other  neutral 
salts,  and  especially  by  sulphates.  Fuld's  experiments  show 
that  the  appearance  of  antiferment  can  also  be  mimicked  by 
those  reactions  in  which  the  order  of  addition  of  the  reagents  is 
of  importance.  This  is  exemplified  by  the  need  for  adding 
potassium  ferrocyanide  to  acetic  acid  in  the  test  for  proteid, 
and  not  vice  versa.  Possibly  something  similar  will  prevent  or 
allow  a  ferment  action. 

The  experiments  which  Hedin  made  with  charcoal  and 
trypsin  might  be  interpreted  in  favour  of  the  idea  that  antiferment 
action  does  not  depend  on  any  specific  substance. 

We  see,  then,  that  certain  ferment  actions  can  be  brought 
to  a  standstill  or  prevented  from  occurring  altogether  by  the 
occurrence  of  certain  antagonistic  conditions.  It  is  as  reason- 
able to  speak  of  blue  light  as  anticatalase  or  of  chlorofonn  as 
antitrypsin  as  it  is  to  give  a  specific  name  to  any  "anti- 
ferment." 

If  antiferments  really  exist  one  must  rely  upon  biological 
experiments  to  establish  the  fact.  The  most  important  evidence 
IS  certamly  furnished  by  such  haemolytic  phenomena  as  have 
been  carried  out  by  Morgenroth  and  many  others.  Thus  the 
injection  into  a  rabbit  of  a  ferment  will  result  in  the  production 
of  a  serum  which  has  the  power  of  rendering  the  particular  ferment 
mactive.  On  the  other  hand,  Liebermann  found  that  active 
labbit  mimune  serum  only  prevents  haemolysis  if  calcium 
chloride  be  present.    In  this  connection  the  observation  by 

*  This  fact  imparts  an  inestimable  importance  to  tlie  presence  of  sodium 
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Wohlgemuth  that  lecithin  activates  the  haemolytic  action  of 
pancreatic  juice  also  derives  special  importance  as  showing  that 
not  only  salts  but  lipoids  may  have  some  power  of  functioning 
as  antiferments.  Even  the  existence  of  antiferments  in  the 
serum  of  specially  treated  rabbits  does  not  prove  that  antiferments 
exist  in  the  body  naturally. 

It  is  speciaUy  significant  that  Beitzke  and  Neuberg  describe 
an  anti-emulsin  as  connected  with  the  globulin  fraction,  when 
we  have  seen  that  lecithin  is  also  associated  with  the  globulin 
fraction.    Jacoby,  in  his  summary  of  his  opinions  on  the  nature 
of  ferment  action,  says,  "  The  fact  that  rennet  and  pepsin  can  be 
separated  from  fibrin  by  alkalies,  whilst  rennet  is  separated  from 
antirennin  by  acid,  is  in  favour  of  the  view  that  the  union  of 
ferment  with  substrate  is  not  the  same  as  the  union  of  ferment 
with   antiferment."     The   association   of  antiferments  with 
globuhns  reminds  us  that  the  action  of  an  antiferment  may 
merely  be  one  of  alteration  of  electrical  charges  m  the  colloids 
concerned  in  the  reaction. 

One  mere  consideration.    In  the  case  of  trypsm  it  is  now 
well  known  that  without  enterokinase  this  ferment  will  not  act 
on  proteid.    Suppose  now  that  this  fact  were  not  known,  one 
would  have  found  that  certain  solutions  would  not  digest  proteid, 
and  have  assumed  that  these  solutions  contained  antiferment 
(antitrvpsin).  The  truth  is,  of  course,  that  the  activator  of  trypsm 
is  merdy  absent.    But  suppose,  further,  that  the  enterokinase 
could  be  interfered  with  by  some  other  body,  then  we  shaU  be 
mtroducing  a  third  factor  into  the  case,  and  it  would  be  reasc  n- 
able  to  describe  this  third  body  as  antiferment,  though  its  name 
would  be  anti-enterokinase,  and  not  antitrypsm. 

It  is  however,  out  of  place  to  discuss  this  subject  furthei 
although  the  amount  of  information  which  is  being  gathered 
together  by  observers  in  all  countries  is  increasmg  by  geometnca 
progressiol    So  much  is  this  the  case  that  it  becomes  a  most 
fmpossible  to  fix  the  state  of  knowledge  on  the  subject.* 

*  The  view.s  above  expressed  were  written  down  before  tlie  wori^ 
Keeint  Advances  .n  Physiology  ^^^^^^^^^ 
The  whole  subjeet  of  ferment  action  as  so  '^^^^^^^^^^^^^^  n.any  valu- 
B.  Moore)  as  hardly  to  need  -'PPl  -ent  ^^^^^^^^^^  '  ^iJ,,„i,al 
able  contributions  have  -PP;-!^.^//  etc!^^  a  work  by  Schadc. 
Journal,  in  the  to  literature  for  1907 

Diabetes  und  Katalyse.      Many  01  uic 
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Method  of  Detection. — The  fact  that  pus-cells  contain  a 
proteolytic  ferment  which  will  produce  a  small  dimple  in  Loffler's 
blood-serum  *  at  the  seat  of  inoculation  after  incubation  at  50°  C. 
for  twenty-four  hours  furnishes  the  means  of  detecting  anti- 
proteolytic  ferment  in  a  puncture-fluid. 

One  part  of  the  fluid  to  be  tested  is  treated  with  from  5  to  20 
parts  of  pus,  and  a  drop  of  the  mixture  is  added  by  means  of  a 
platinum  loop  to  the  serum  tube,  or,  as  Miiller  and  Jochmann 
advocate,  a  plate  of  serum,  which  has  the  advantage  of  ease  in 
working,  and  also  the  advantage  that  the  same  plate  will  serve 
for  many  experiments.! 

If  the  serum  shows  liquefaction  after  incubation,  then  the 
proteolytic  ferments  of  the  leucocyte  have  not  been  interfered  with, 
and  therefore  there  is  no  antiferment  present  in  the  fluid.  On 
the  other  hand,  liquefaction  may  not  occur,  in  which  case  one 
assumes  that  antiferment  is  present. 

The  pus  must  be  freshly  obtained,  and  must  be  sterilised  by 
addition  of  toluol.  The  pus  used  must  not  be  tuberculous,  since 
tuberculous  pus  contains  no  proteolytic  ferment. J 

Antiferment  may  be  estimated,  according  to  Ed.  Miiller,  by 
ascertaining  how  many  times  fresh  pus  has  to  be  diluted  before 
the  fluid  to  be  tested  will  prevent  it  from  liquefying  the  dried 
Loffler's  serum.    For  blood-serum  the  normal  limit  is  7-5. 

The  method  of  detection  of  antiferment  §  may  be  applied  to 
Eppenstem's  method  for  detecting  proteolytic  ferment,  whirh 
has  the  advantage  of  employing  a  readily  prepared  medium 

The  fluid  to  be  tested  is  mixed  with  10  per  cent,  gelatine  con- 
tammg  i  per  cent,  soda,  and  a  simflar  quantity  of  0-85  per  cent 
salme  is  added  to  another  portion  of  the  same  gelatine  (to  furnish 

and  1908  will  be  found  in  the  Bibliography  on  page  265  of  this  work 
hough  only  those  names  are  included  which  have  been  mentioned  in  th; 
text.    Investigations  are  being  made  in  order  to  be  able  to  present  as 
full  evidence  on  this  problem  as  possible. 

f  Tu""  TTJ'  ^""^  g'"'^"^'^'  °^  8  per  cent.  NaCl. 

T  ihe  chief  disadvantage  lies  in  its  manufacture 

sou/cefof  slrptrtfon.'  ^o-"  distinguishing  tuberculous  from  other 

§  It  must  be  understood  that  these  methods  demonstrate  an  anti 
ferment  action  without  by  any  means  indicating  the  existence  of  n 
specific  anti-body.     It  will  be  remembered  that  even  at  ai    toxin  it 
acting  in  virtue  of  special  colloidal  properties  without  neccl  Iv  con 
stitutmg  an  entity  or  a  substance  capable  of  being  isolated  ^ 
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a  control).  Both  are  incubated  for  twelve  hours  at  body  heat. 
On  removal,  both  Petri  dishes  are  set  on  ice  until  the  saline  s.imple 
(control)  has  set.  If  proteolytic  ferment  be  present  the  gelatine 
will  no  longer  set,  while,  if  antiferment  be  present,  or  if  there  be 
no  ferment  at  all,  the  gelatine  will  set. 

To  apply  this  test  for  detecting  antiferments,  it  is  obviously 
only  necessary  to  add  toluolated  fresh  pus  to  the  fluid,  and  see 
the  effect  on  the  gelatine.  It  is,  however,  convenient  to  use 
ordinary  leucocytes  in  place  of  the  pus,  and  a  small  quantity  of 
blood  may  therefore  be  collected,  washed  in  citrate,  and  then  in 
saline,  exactly  after  Wright's  method  for  getting  leucocytes  for 
opsonic  index  determinations.  For  the  small  quantity  of  fluid 
to  be  tested  this  will  furnish  readily,  and  at  any  time  or  place, 
the  necessary  means  of  carrying  out  this  modified  test. 


SECTION  II 


THE  PHYSICO-CHEMICAL  EXAMINATION  OF 
PUNCTURE-FLUIDS 

Contents.— (A)  Osmotic  pressure — Theoretical  considerations  on  osmotic 
pressure  ;  how  to  calculate  the  osmotic  pressure  ;  the  degree  of  dis- 
sociation— Theoretical  considerations  on  electroconductivity  ;  cor- 
rections necessary  for  variations  in  temperature  and  in  amount  of 
proteid  in  the  solutions  examined  ;  achloride  electrolytes — Osmotic 
concentration — Theoretical  considerations  dealing  with  the  effect  of 
mixtures  of  many  substances  on  the  freezing-point  depression  and 
on  electroconductivity— The  relation  of  freezing-point  depression 
to  specific  gravity— Methods  of  determining  the  freezing-point  de- 
pression and  the  electroconductivity,  —Results  of  examination  in  each 
case— The  plasmolytic  method  ;  Hamburger's  adaptation  to  the  study 
of  body-fluids  ;  Wright's  method— Other  methods  of  determination  of 
osmotic  pressure.  (B)  The  critical  solution  point.  (C)  The  concentra- 
tion of  the  hydrogen  ions  ;  theoretical  considerations  ;  meaning  of  the 
term  acidity— The  indicator  method  of  estimating  the  reaction  of  a 
fluid- The  inversion  method— The  methyl-acetate  method— The 
dilatometer  method— The  diazoacetic-ether  method— The  concentra- 
tion-chain method  ;  the  gas  chain  ;  a  few  details  as  to  the  method  of 
carrying  out  this  method  ;  the  results  which  have  been  obtained  by 
Foa,  and  by  Pfaundler— Significance  of  the  results.  (D)  Viscosity 
—The  viscosimeter  of  Hess  ;  method  of  use  ;  the  theory  of  the  instru- 
ment ;  results  of  examination  of  puncture-fluids.    (E)  Refractometry. 

The  constant  interchange  of  substance  between  the  cells  of  the 
body  and  the  fluids  surrounding  them  depends  to  a  large  extent, 
if  not  entirely,  upon  a  series  of  processes  which  come  under  the 
domain  of  physico-chemistry.  Not  only  do  we  have  to  deal  with 
a  series  of  chemical  reactions  between  hving  substance  and  the 
matter  composing  its  outer  world,  but  we  have  to  deal  with  pro- 
cesses of  diffusion  and  of  osmosis.  Osmosis  is  specially  important 
in  the  case  of  puncture-fluids,  as  it  accounts  for  so  many  of  the 
phenomena  that  they  exhibit.  A  consideration  of  the  factors  on 
which  osmosis  depends  is  therefore  needed,  although  those  theo- 
retical considerations  which  deal  with  the  question  of  pouring  out 
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of  fluids  into  the  serous  cavities,  and  of  absorption  from  them, 
have  come  to  be  so  special  a  subject  that  reference  to  it  does  not 
come  within  the  objects  of  this  work. 

(A)  Osmotic  Pressure.— When  a  substance  is  dissolved  in 
water  the  molecules  of  that  substance  are  evenly  distributed 
throughout  the  water,  and  exert,  not  only  a  pressure  on  each 
other  but  also  on  the  walls  of  the  containing  vessel.  The  pres- 
sure transmitted  to  the  confines  of  the  fluid  in  the  endeavour 
of  the  molecules  to  occupy  a  larger  space  is  called  the  osmohc 

pressure  of  the  fluid. 

The  laws  which  govern  the  osmotic  pressure  of  a  solid  dissolved 
in  water  have  been  found  by  van't  Hoff  to  be  identical  with  those 
which  obtain  when  a  gas  is  dissolved  in  water.  In  other  words, 
a  solid  dissolved  in  water  behaves  like  a  gas  dissolved  m  water. 
If  there  be  several  substances  in  solution,  then  the  total  osmotic 
pressure  is  equal  to  the  sum  of  the  osmotic  pressures  exerted  by 
each  substance  taken  separately. 

The  osmotic  pressure  of  a  solution  varies  accordmg  to  the 
temperature  of  the  solution  as  well  as  according  to  the  number  of 
molecules  present.  All  solutions  which  contain  the  same  number 
of  molecules  m  the  same  volume  of  fluid  exert  the  same  osmotic 
pressure.  In  other  words,  all  equimolecular  solutions  exert  the 
same  pressure. 

Pressure  X  volume  =^£^^=  constant. 

It  is  Obvious  that  the  only  variable  will  be  the  weight  of 
the  molecules,  so  that  if  two  substances  be  dissolved  m  a  gr..n 
volume  of  solvent,  the  osmotic  pressure  of  each  sdution  wiU  be 
related  to  the  other  according  to  the  molecular  weights  of  the 
dissolved  substances.  .  . 

It  is  on  this  fact  that  one  of  the  methods  of  determining  the 
molecular  weight  of  a  substance  depends,*  but  it  also  affords  a 

*  The  following  laws  have  been  found  to  hold  good  u.  ^h^case 

have  the  same  freezing-pomt  depression  (^*^  ^oPpet  ^^^^^^  introduced 
Raoult  substantiated  this  law  for  many  -^^-l'^^'^''^^^^^^  ""^t  this  time 
the  term  molecular  depression  or  ^-^/^SJ^  ^^^^^'^Jri  t  of  a  substance, 
crvoscopy  was  invoked  for  determmmg  the  molecular  weignt 
In  1888  Beckmann  introduced  his  thermometer. 


PHYSICO-CHEMICAL  EXAMINATION 


93 


means  of  estimating  the  osmotic  pressure  of  a  given  fluid.  Just 
as  the  conversion  of  gas  from  hquid  demands  the  expenditure  of 
work,  so  work  is  needed  in  causing  a  solution  to  become  more 
concentrated,  that  is,  to  acquire  a  higher  osmotic  pressure. 

If  we  determine  the  amount  of  work  (osmotic  work)  which 
is  performed  in  just  causing  solvent  and  dissolved  substance  (a 
solution  of  known  concentration)  to  separate,  we  can  calculate 
the  amount  of  pressure.  If  a  solution  be  frozen,  ice  will  separate 
out  as  the  solution  becomes  colder  and  colder,  while  the  remaining 
fluid  is  constantly  becoming  more  and  more  concentrated.  The 
molecules  in  this  solution  are  thus  being  continually  forced  to 
occupy  a  smaller  volume.  In  order  to  effect  this  change  the 
osmotic  pressure  which  they  are  exerting  is  being  overcome  by 
external  work,  and  this  necessitates  the  removal  of  more  heat 
than  is  necessary  to  cause  the  pure  solvent  to  freeze.  The  heat 
of  fusion  remains  constant,  so  that  the  effect  of  the  external 
work  is  to  lower  the  freezing-point.  In  other  words,  the 
solution  freezes  at  a  lower  temperature  than  that  at  which 
the  solvent  alone  would  freeze.  It  is  this  fact  which  underUes 
the  use  of  cryoscopy,  that  is  to  say,  the  determination  of  the 
freezing-point  of  a  fluid. 

Suppose  that  grams  substance  are  dissolved  in  y  grams 
solvent,  and  that  the  depression  of  freezing-point  is  then  z°C, 

z° 

Then  I  gm.  substance  dissolved  \n  y  gm.  solvent  will  cause  —  depression. 
I  gm.  mol.  (M.)       „  y 


and  I    „      „  „  ICO 

The  molecular  depression  is  a  constant  (k).* 
For  our  purposes  we  wish  to  know  x,  so  that  the  equation 
becomes : 

_  Mzy 
~  ICO  k, 

and  supposing  there  were  only  one  substance  present  in  a  given 
solution  (usually  water),  we  could  readily  ascertain  how  much 
substance  was  present,  or,  in  other  words,  we  should  be  able  to 


X 

Mzy" 

X 

Mzy°  "  molecular" 
loox  depression. 


*  K  for  water  is  i8'5. 
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use  this  method  for  purposes  of  quantitative  analysis  of  a  fluid. 
Before  this  can  be  done  we  have,  however,  to  discuss  the  effect 
on  the  above  formula  when  we  are  dealing,  not  with  one 
substance,  but  with  several  substances,  in  solution  ;  and,  more 
important  still,  we  have  to  discuss  the  effect  of  solution  on  sub- 
stances of  various  kinds.    When  several  substances  occur  dis- 
solved in  water,  van't  Hoff's  law  tells  us  that  the  total  osmotic 
pressure  is  equal  to  the  sum  of  the  osmotic  pressures  of  each  taken 
separately,  and  it  is  found  that  every  1-85°  depression  of  freezing- 
point  indicates  the  pressure  *  of  one  gram-molecule  of  substance 
in  each  litre  of  water. 

The  fact  that  the  equation  given  does  not  hold  good  for  every 
individual  substance  brings  up  the  important  question  of  dis- 
sociation of  salts  when  in  solution.    A  solution  of  salts  such  as  is 
met  with  in  urine  shows  a  much  greater  freezing-point  depression 
than  its  concentration  would  lead  us  to  expect,  and  the  same 
holds  good  for  puncture-fluids  where  sodium  chloride— though 
the  most  conspicuous— is  not  the  only  salt,  but  occurs  associated 
with  sulphates,  phosphates,  and  carbonates  of  potassium,  calcium, 
and  magnesium.    To  take  the  case  of  NaCl  alone,  the  formula 
above  given  would  lead  us  to  expect  that  a  gram-molecular  solu- 
tion of  sodium  chloride  (i.e.  a  solution  containing  58-5  gm.— 
the  molecular  weight  in  grams— of  sodium  chloride  in  each  htre 
of  water)  should  have  an  osmotic  pressure  of  1-85  x  12-05  atmo- 
spheres, because  all  gram-molecular  solutions  in  water  freeze  at 
1-85°  c'.,  and  each  degree  of  depression  of  freezing-point  means 
an  osmotic  pressure  of  12-05  atmospheres  (Raoult).    As  a  matter 
of  fact,  the  solution  referred  to  has  an  osmotic  pressure  of 
3-51  X  12-05  atmospheres,  for  its  freezing-point  is  3-51°  C.  This 
discrepancy  was  explained  by  Arrhenius,  who  showed  that  when 
a  salt  is  dissolved  in  water  it  breaks  up  into  electrically  charged 
ions  without  which  the  resulting  fluid  would  never  be  able  to 
conduct  an  electric  current,  and  without  which  the  fluid  would 
not  exert  as  great  an  osmotic  pressure.    It  is  clear  that  li  a 
solution  of  NaCl  contains  not  only  NaCl  but  also  Na  and  CI  tons 
the  resulting  number  of  constituents  present  is  gi'eater  than  if  all 
the  NaCl  has  remained  as  NaCl.    The  conception  that  the  in- 

*  Pleffer  found  that  if  a  gram-molecule  of  any  substance  be  dissolved 
in  22-13  litres  of  water,  such  a  solution  will  exert  an  osmotic  pressure  of 
one  atmosphere  at  0°  C. 
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dividual  ions  act  just  as  independent  molecules  and  exert  an 
osmotic  pressure— which  forms  the  pith  of  the  theory  of  electro- 
lytic dissociation— explains  the  fact  that  the  freezing-point  de- 
pression of  the  solution  is  greater  than  it  should  have  been.  As 
soon  as  sodium  chloride  is  dissolved  in  water  some  of  it  dissociates 
into  Na  and  CI,  each  of  which  adds  to  the  osmotic  pressure,  and 
also  enables  an  electrical  current  to  pass.  In  this  way,  then,  the 
electroconductivity  of  a  fluid  is  dependent  on  the  same  influences 
as  is  the  freezing-point  depression.*  And  the  mention  of  this 
fact  in  this  place  will  enable  us  to  understand  the  link  binding 
the  electroconductivity  method  of  research  to  the  cryoscopic 
method  which  is  dealt  with  in  the  present  work. 

To  return  to  the  solution  of  NaCl.    Such  a  solution  contains  : 

sNaCl  +  .vNa  +_yCl. 

The  osmotic  pressure  exerted  by  x'Na.  is  the  same  as  that 
exerted  by  yCl,  for  though  the  ions  have  different  atomic  weights, 
it  is  the  actual  number  of  ions  that  is  important. 

The  osmotic  pressure  of  the  ions  will  therefore  be  : 

rS5  +  1-66  =  3-51. 

The  ions  and  molecules  of  the  other  salts  present  in  the  cited 
example  of  urine  will  add  to  the  osmotic  pressure,  iii  accordance 
with  van't  Hoff's  law,  and  the  principle  remains  the  same.  The 
osmotic  pressure,  and  with  it  the  freezing-point  depression,  is 
produced  by  NaCl,  sodium  and  potassium  and  calcium,  etc., 
sulphates  and  phosphates,  etc.,  plus  Na  and  CI  and  SO4,  and 
PO4,  and  Ca  and  K,  etc.,  etc. 

If  the  solution  of  all  these  salts  be  rendered  more  dilute,  the 
dissociation  will  increase,  and  the  ratio  between  undissociated 
and  dissociated  salt  will  alter  more  and  more  until,  theoretically, 
at  infinite  dilution,  there  will  only  be  free  ions  present.  We  wish 
to  know  how  the  proportion  between  molecules  and  ions  can  be 
ascertained  in  a  given  solution.  The  method  of  calculating  this 
can  be  indicated  by  reverting  once  more  to  the  simple  example  of 
NaCl. 

It  has  been  stated  that  a  gram-molecular  solution  of  sodium 
chloride  freezes  at  -3-51°  C.  instead  of  at  -1-85°.    This  solution 

*  ^.B.~Incyease  in  "  freezing-point  depression  "  means  a  fall  of  tem- 
perature. 
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therefore  behaves,  not  hke  a  gram-molecular  solution,  but  like 

a  solution  containing  ^rf^  =  ^'^9   gram-molecular  solution. 

In  other  words,  by  dissolving  the  gram-molecule  of  NaCl  in 
water  we  have  made  it  have  the  same  osmotic  pressure  as  if 
we  had  made  a  iSg  gram-molecular  solution  of  undissociated 
substance.  In  other  dilutions  the  number  will  be  different  again, 
for  the  more  a  substance  is  diluted  the  greater  will  be  the  dis- 
sociation, but  we  can  determine  the  ratio  of  the  true  to  that  of 
the  theoretical  (calculated)  osmotic  pressure  in  the  way  indicated. 
Putting  the  facts  into  a  formula,  we  have  : 

freezinp-point  found     _  ^ 
„      freezinp-point  calculated 
degree  of  dissociation  "  a '  =  n^^ber  of  ions  in  one  molecule  of  salt  -  i. 

In  the  above  example,  for  instance, 
-FSS      '^1-89 -I 

2-1  I 

That  is  to  say,  0-89  of  the  gram-molecule  has  dissociated,  and 
only  Q-ii  has  remained  undissociated. 

Unfortunately,  however,  the  fluids  under  consideration  are 
not  solutions  of  NaCl  only,  but  of  a  number  of  other  substances, 
and  it  becomes  a  matter  almost  of  impossibility  to  give  a  value 
for  the  amount  of  dissociation  when  we  do  not  laiow  how  much 
there  is  of  each  salt  present.  Not  only  this,  but  there,  are  sub- 
stances present  in  a  puncture-fluid  which  introduce  the  further 
complication  that  they  have  the  power  of  preventmg  the  salts 
from  dissociating  as  fully  as  they  otherwise  would.  They  ^nhlblt 
the  dissociation  of  the  constituents  of  the  fluid. 

However,  by  making  use  of  the  term  osmotic  concentration 
(C„),  which  was  introduced  by  Hamburger,  we  can  obviate  this 
difficulty  to  a  certain  extent,  since  every  molecule  or  ion  causes 
a  freezing-point  depression  of  1-85.    The  fraction: 

freezing-point  found 

i^Hs 

gives  the  osmotic  concentration  of  the  total  number  of.  molecules 
plus  ions  in  each  litre  *  of  fluid. 

*  The  unit  of  fluid  should  be  given  in  grammes  and  not  in  cubic  cen«- 
n^etres.  It  will  be  evident  that  .,000  cc.  of  fl.nd  -igh  more  than  ,00c. 
water  by  the  weight  of  dissolved  substance.  If  the  specific  grav  ity  be  g. 
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It  is  now  necessary  to  refer  to  the  subject  of  eledroconductivity 
in  order  to  give  a  more  correct  idea  of  the  constitution  of 
the  puncture-fluids,  which  forms  the  subject  of  the  present 
studies. 

A  fluid  will  only  conduct  electricity  provided  that  there  is 
some  dissociated  substance  (called  an  electrolyte)  present  in  it. 
Absolutely  pure  water  would  not  conduct  electricity  at  all  (i.e. 
it  is  a  non-electrolyte).    For  this  reason  we  may  employ  a  deter- 
mination of  the  electroconductivity  as  a  means  of  ascertaining 
the  number  of  ions  which  are  present  in  the  fluid.    We  could 
speak  of  an  "  ionic  concentration  "  and  then  endeavour  to  make 
out  a  relation  between  the  actual  figure  representing  the  electro- 
conductivity  and  a  figure  representing  successively  increasing 
degrees  of  ionic  concentration.    As  a  matter  of  fact,  this  is,  how- 
ever, not  possible,  and  we  have  to  arrive  at  our  deductions  in  a 
roundabout  way,  by  ascertaining  the  conductivity  possessed 
by  different  strengths  of  solutions  of  given  salts,  such  as  sodium 
chloride  and  sodium  carbonate.    If  we  determine  the  conduc- 
tivity of  a  i-per-cent.  solution  of  sodium  chloride  and  that  of 
i'5>  2,  2-5,  3,  3-5,  4-0,  4-5,  5-0,  etc.,  per  cent,  solutions  of  NaCl 
and  then  compare  that  of  the  fluid  which  is  being  examined' 
so  as  to  find  with  which  strength  of  NaCl  that  fluid  agrees  in 
conductivity,  we  can  say  that  the  fluid  contains  a  certain 
concentration   of  salts,   expressed   as   NaCl.     If   the  chief 
constituent  of  the  fluid  be  NaCl,  we  shaU  not  be  making 
a  serious  error,  other  things  being  equal,  in  comparing  a  fluid 
at  one  time  with  a  simflar  fluid  at  another.    It  is  a  method 
such  as  this  which  has  been  employed  throughout  the  present 
work.  ^ 

But  there  is  another  use  for  the  conductivity  method.  Suppose 
that  a  certain  solution  of  sodium  chloride  has  a  conductivity 
which  can  be  represented  by  the  number  185,  and  suppose  that 
we  now  dilute  this  same  fluid  of  unlcnown  strength  a  definite 
number  of  times.  We  shall  find  that  the  conductivity  may  have 
risen  to  196,  say.    If  the  fluid  be  still  further  diluted,  we  shall 

of  fluid  weighs  I  000  ^  grams  ;  if  the  substance  in  solution  weigh  s  then  the 
water  m  a  htreof  fluid  is  1,000  g-.grams.  The  osmoticconcentritio;  if  given 
m  terms  by  volume,  would  be  h^^^  too  little.  Of  course,  if  .  is  very 
little,  this  fraction  is  practically  negligible. 
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find  ultimately  that  we  come  to  a  point  at  which  no  matter  what 
teLiion  Zy  be,  we  do  not  alter  the  conductivity  any  fur^e. 
The  figure  remains  constant.    This  means  that  the  sodium 
chloride  present  has  been  as  completely  ionised  as  possiMe.  If 
the  figure  representing  the  conductivity  be  now  209,  we  car^ 
ascertSi  the'degree  of  dissociation  of  the  NaCl  m  the  original 
fluid  from  the  simple  relation  : 

Conductivity  of  original  fluid   _  jgS  ^  0-89, 
Conductivity  at  infinite  dilution  209 

.hich  means  that  of  every  ^'^^^  "''^ 

part  of  this  molecule  was  m  a  f 'f  J;^^^  „,„lt  as  we 

^    It  is  obvious  that  we  are  arrmng  at  ^e  sa™  res 

-^^'-^r't^r^jT^^^^  hv  the 

?:rtr:*t;  SoTw^  ami  ^  0-..^^^^^^^^^^^^ 

the  conductivity  ot  tne  oug  Multiply  the  new  con- 

TABLE  Xn 
The  Dissociation  of  a  Pleural  Fluid 


Distribution  of  Pleural 
Fluid. 


Undiluted. 

2 

4 

8 

16 

32 

64 
128 
256 
512 


Observed  Conductivity. 


843 

537 
296 

i73'3 
94-2 

45-1 

28-33 
1443 
901 

4-351 


Conductivity  x  times  diluted. 


843 
1074 
I184 
1386-4 
1507-2 

14432 
1829-1 
1847-0 
2296-5 
22277 


The  last 


values  for  observed  conductivity. 


X  times  diluted, 
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show  that  the  maximum  has  been  attained,  so  that  we  have 
approximately  arrived  at  "  infinite  "  dilution. 

The  deg  ree  of  dissociation  is  therefore  — =  o"?S. 

2227 

It  is  needful  here  to  pause  to  consider  how  far  the  deductions 
.  described  are  really  justified.    We  have  taken  a  specimen  of 
pleural  fluid  and  diluted  it  with  water,  and  estimated  the  electro- 
conductivity  of  the  successive  dilutions.    Now,  pleural  fluid  often 
consists  largely  *— by  volume,  if  not  by  weight— of  albumen, 
which  is  a  viscid  substance,  besides  being  a  non-conductor  of 
electricity.    To  put  it  in  other  words,  we  have  in  serum  a  mixture 
of  electrolytes  and  non-electrolytes.    Now,  a  non-electrolyte  is 
a  substance  which  has  the  power  already  referred  to  of  inhibiting 
the  dissociation  of  salts  with  which  it  may  be  associated.  The 
albumen  in  the  fluid  will  therefore  interfere  with  the  conductivity, 
and  if  the  fluid  be  diluted  a  little  reflection  will  show  that  although 
the  non-electrolyte  serum-albumen  is  being  diluted,  yet  it  does 
not  dissociate,  while  the  salts  (electrolytes)  present  are  dissociating 
in  the  water.    The  presence  of  the  still  undissociated  molecules 
will  exercise  more  retardation  than  ever  on  the  dissociated  mole- 
cules—number for  number.    That  is  to  say,  the  conductivity 
will  be  ever  less  than  it  should  be,  and  the  degree  of  dissociation 
wiU  work  out  less  than  it  should  be.    The  figure  0-38  in  the  above 
example  would  then  be  much  too  small. 

We  are  able  to  correct  this  error,  by  the  aid  of  researches 
by  Bugarsky  and  Tangl,  who  found  that  for  every  degree 
per  cent,  of  albumen  the  conductivity  of  the  electrolytes  was 
diminished  by  2-5  per  cent.  If  we  make  the  needful  correction 
for  the  original  conductivity  and  divide  that  by  the  conductivity 
of  serum  at  infinite  dilution,  we  shall  get  a  degree  of  dissociation 
of  0-41.  But  we  have  not  corrected  for  the  interference  of  the 
diluted  serum  on  the  diluted  electrolytes.  The  needful  formula 
for  this  are  not  to  be  had,  so  that  in  this  case  we  have  to  content 
ourselves  with  a  statement  that  the  degree  of  dissociation  of 
pleural  fluid  lies  between  0-38  and  0-41.    This  is  unsatisfactory.t 

udate^^^^'''^'"^  "'^  °^  ^^'^  effusion  (whether  exudate  or  trans- 

t  Fortunately,  however,  the  value  of  a  knowledge  of  the  degree  of 
dissoca  .on  of  various  body-fluids  is  not  apparently  of  much  impoftance 
and  probably  depends  entirely  on  the  comp'o'ition  (relations  bZen  saS 
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Not  onlv  is  there  the  interfering  influence  of  non-efectrolyte 
on  electro  yt  s  present  in  the  ca.e  of  seru™.  but  there  ,s  also 
te  tterfe'  ence  resulting  from  friction  between  the  ,ons.  The 
frtt  on     much  greater  when  the  serum  is  undrluted  than  when 

—TsTre^rrs— ^^^^^ 

formula. 

Corrected  conductivity  =  — _  (percentage  ot  albumen  x  2-5), 

'^Z'^SZ  rr^:;nt  to  —  in  connection  w.th 
.  of  the  subiect  and  that  is  as  regards  the  actual  electro- 
vfes'^;^^^^^^^^  concentration 
o"^  electroTvVes  in  tern  s  of  NaCl,  or  should  at  be  expressed  m 
of  electiolytes  in  ^^^^.^^  ^^^^      answered  in 

fa^r  f  th  lan::  i'tme  cases,  Id  of  the  former  m  others. 
The  following  figures  will  illustrate  this  conclusion  . 
I  dven  pleural  fluid  contained  0-062  gram-molecule  per  htre 
A  f^'y^^^^^^^,^-^,   .  ^as  1068,  which,  for  the  tempera- 
lint  to  tha^  of  a  solution  of  NaCl  of  0-123  gram- 

calculation. 

...  so  «»t  «e  .a  .0  tM.  »e.f»a  o<  study  t.a.  .y 


.  T.rou.„out  tMs  account  cona«cU..y  .cans  sp.c.c  conduc- 
tivity," and  is  expressed  in  terms  oi  .o  '. 
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The  other  method  gave  these  results  : 

The  chlorides  amounted  to  0-062  gram-molecule  per  litre. 
The  degree  of  dissociation  of  this  (calculated  by  Arrhenius' 
formula)  is  o-86i.  The  number  of  molecules  plus  ions  (above 
formula)  is  0-1153.  The  conductivity  of  such  a  strength  of  NaCl 
subtracted  from  that  of  the  fluid  gave  a  conductivity  which  is 
possessed  by  a  solution  of  NaoCO^  containing  0-062  gram-molecule 
per  htre,  with  a  degree  of  dissociation  of  0-570,  and  0-1342 
molecules  plus  ions  per  litre. 

The  ratio  NaCl :  NaoCO;^  is  now  1-16. 

This  calculation  is  obviously  much  more  prolonged.* 

In  the  case  of  certain  transudations,  and  in  the  case  of  urine, 
the  preponderant  electrolyte  present  is  undoubtedly  sodium 
chloride,  but  in  the  case  of  exudations  sodium  chloride  does  not 
occupy  such  a  conspicuous  position,  and  sodium  carbonate  takes 
its  place  to  a  certain  extent.  In  blood-serum  the  sodium  and 
the  chlorine  are  the  two  most  abundant  elements,  the  potassium, 
calcium,  phosphates,  and  carbonates  are  the  least  abundant,  as 
shown  by  the  following  analysis  of  pus-serum  by  Hammarsten  : 

or.       Chlorides    ...        ...  ^-^g 

Carbonates...        ...  i-i3 

Sulphates   031 

Total  phosphates  ...  0  94 


NaCI   

•  5-39% 

Na.,SO^   

.  0-31 

Na.^HPO,  

.  0-46 

NaXO,  

•  1-13 

Ca;(PO,),  

0-31 

0'12 

POj  (in  excess)  .. 

.  005 

This  shows  the  preponderance  of  carbonates  over  phosphates 
and  sulphates.  It  must  be  admitted  that  this  is  not  invariable 
but  It  has  been  found  that  even  if  the  phosphates  be  in  excess 
and  the  mode  of  expression  of  achlorides  be  altered  accordingly 
the  ratio  still  remains  similar.  It  is  obvious  that  the  only  way  of 
avoidmg  errors  at  all  would  be  by  complete  chemical  analysis 
The  present  method  is  an  attempt  to  obtain  useful  results  by  the 
smiple  method  of  conductivity  determination. 

The  method  of  study  of  the  particular  fluid  would  therefore 
consist  in  the  following  observations  and  calculations.  In  the 
first  place,  we  ascertain  the  freezing-point  depression,  which, 

1    !■       ^'■'■"'■^'^^y  lie  in  these  calculations  in  the  values  used  for  the  con 
duct.v.ty  of  NaCl  and  Na^CO..  solutions,  which  have  been  e  Lated  n 
solution  whereas  they  occur  in  all^ununous  solution  n  t"e  body 
The  degree  of  dissociation  is  vastly  different. 
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When  divided  by  r85,  will  give  the  total  number  of  molecules  plus 
^nnQ  the  osmotic  concentre  lion. 

Secondly,  we  ascertain  the  electroconductivity  at  a  given 

"dl'we  ascertain  the  amount  of  albumen  present  if  any^ 
The? the  v^^^^^  for  the  conductivity  can  be  corrected  by  the- use 
If  formula  on  p.  xoo.  There  are  now  two  courses  open-one  can 
r,  t^rwhat  strength  of  sodmm  chloride  has  the  same  con- 
d«  t  s^XL,  or  one  can  ascertain  the  actual  concen- 
"of  tie  chlorrdes  hr  thrs  flurd  by  means  of  ch^n^^^^^^^^^^^^^ 
and  ascertain  how  much  of  the  conductivity  or       ^e  ^^^^^^J 

"  achloride  "  electrolytes— that  is,  the  electroiyi 

\f7:°"lot^^^^^''^--  carbonate  of  known 
T  ^  I    Thte  is  best  performed  to  a  number  of  specm^ens  pre- 
S  by  ol^df  the  in'termediate  values  betog  eitber  obtamed 
by  Lagrange's  interpolation  formula  : 

mined  by  experiment  m  each  case)  ana  „,  naCO.  ol 

any  strength  of  f  «"f„/,„"  *%.  ts  the  concentration  ci  the 

condnctivity  i  ^'"'^^."tlty  °ne  Iras  determined,  and  >•  .s  the 
rSr«"r  Tosrcondlctivity  one  seehs, 

u-r.\.  +V.P  Intermediate  values  can  be 
or  bydrawing  a  curve  on  wl^^^^^^^^^^  ,,,, 

read  off  *    It  as  ^^P^L^^^Tor  temperature,  say  i8X. 
the  observations  be  made  at  one  p 
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Not  only  is  it  desirable  to  know  the  concentration  of  the 
carbonates  and  chlorides  in  a  given  solution,  but  it  is  desirable 
to  know  the  number  of  molecules  plus  ions  of  each  class  of 
electrolyte  per  litre  of  fluid.  This  demands  a  more  lengthy 
calculation,  which  will  be  found  to  have  been  adopted  in  the 
series  of  analyses  on  puncture-fluids  described  in  the  section  on 
differential  diagnosis  (IV.). 

The  method  of  calculation  is  as  follows  : 

Starting  with  the  percentage  of  chlorides  in  the  fluid,  we 
ascertain  the  same  value  in  terms  of  "  concentration  "  ;  i.e. 
gram-molecules  per  litre.  From  this  value  the  degree  of  disso- 
ciation is  ascertained  from  the  formula  — where  A  is  the 

equivalent  conductivity  of  the  solution  of  NaCl.  and  1^,,  Id  the 
rate  of  migration  of  the  ions  Na  and  CI  at  infinite  dilution. 
Now  1n^  -t-  Id  =  44-4  -I-  65-9  —  iio'3.  The  equivalent  conduc- 
tivity can  be  ascertained  for  any  strength  of  solution  at  18°  C. 
from  the  tables  given  in  the  Appendix. 

Having  ascertamed  the  degree  of  dissociation,  its  value  is 
put  into  the  formula  of  Arrhenius  :  (i  -f  a)  gram-equiv. 

The  result  gives  the  number  of  molecules  plus  ions  in  the  given 
concentration  of  NaCl. 

The  following  formula  will  be  found  to  give  the  result 
desired  without  any  further  trouble  : 

Mols.  +  ions  =  I  +        -  (c,  _  c"o  ~  '^''>})a 

^  1 10-3  / 

where  a  =  gm.-equiv.  solution  of  NaCl  in  question 

^0  ^        "  "         in  Kohlrausch's  table  less  strong  than  a. 

'  ~       "  "  ).  ,,     stronger  than  a. 

A(,  =  equivalent  conductivity  of  solution  C^. 

"  .    ..  „  Q. 

Having  subtracted  the  value  for  the  conductivity  of  the 
fluid  bemg  examined  from  that  for  the  given  strength  of  chlorides 
(estimated  by  analysis),  the  difference  gives  the  conductivity  of 
the  achlonde  electrolytes.  Reading  oE  either  in  one's  diagram 
or  m  the  list  of  conductivities  which  one  has  prepared  from  a 
series  of  strengths  of  Na,CO„  we  ascertain  to  what  concentration 
of  Na,C03  this  conductivity  corresponds,  so  that  it  is  now  possible 
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to  calculate  the  number  of  molecules  and  ions  in  this  strength 
of  NaaCOs.    Proceeding  in  the  same  way  we  get  this  formula : 

/Ao  -  1^=-^  X  (Au  -  A,)}V 

Mols.  +  ions  Na,C03  =1+2!  '■Ci  -  <-o  L  P 

\  113-4  ' 

where 

a  =  gram.-equiv.  solution  of  Na,C03  in  question. 

Q  ^  in  Kohlrausch's  table  less  strong  than  a. 

"  "  "  "  ,,     stronger  than  a. 

Ci  =       II  11  I'  "  " 

Aq  =  equiv.  conductivity  of  solution  Cq. 

A,  =      „  II  II 

FinaUy,  number  of  molecules  plus  ions  of  chlorides  plus 
number  of  molecules  plus  ions  of  carbonates  represents  the  total 
number  of  molecules  plus  ions  in  each  litre  of  the  fluid  under 
consideration  ;  i.e.  Q,...  and  this  value  subtracted  from  the 
osmotic  concentration  of  the  fluid  gives  the  concentration  of 

the  non -electrolytes  (C„o„.eiect.)-  .     .  , 

The  osmotic  pressure  of  the  non-electrolytes  is  given  by  the 

formula : 

/  ^  .         f-pt,  dep.  ofsol°of  NaClN  ,2-05 

(Total  freezing-point  depression  —    of  same  cone,  as  fluid  / 

where  NaCl  is  assumed  to  be  the  only  electrolyte. 

We  have  now  arrived  at  the  foUowing  facts :    A  given  fluid 
possesses  a  certain  osmotic  concentration  (Co),  which  is  made 

lip  0^  1x14- 

C    the  concentration  of  non-electrolytes, 
c"    the  total  concentration  of  electrolytes :  that  is, 
c"*"'  the  concentration  of  chloride  electrolytes  plus 
cZ  the  concentration  of  achloride  electrolytes. 
Thrfirst  is  deduced  from  the  cryoscopic  determmation,  the 
second  by  direct  analysis,  and  the  last  two  by  the  aid  of  a  con- 

'^t^  r;r:^  -siderations  which  must  be  borne  in 
mind  !n  order^o  estimate  the  correctness  of  this  process  of 

-^^^r^hen^'e  ^de^ling  with  an  albuminous  fluid  ..t.^^^ 

.lel^o  ascertammg  ^he  .uant^^^^^^^^^^^^ 

absolute  -^---^y' ^^Xltt^^  There  is  firstly  the 
:rX;S;^e^^iStm  combination  with  sodium 
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only  ?  and  secondly,  Can  one  separate  albumen  completely  from 
a  fluid  without  altering  the  amount  of  sodium  chloride  which 
remains  in  the  de-albuminised  fluid  ?    A  candid  opinion  will 
certainly  answer  both  these  questions  in  the  negative,  though  it 
would  be  admitted  that  the  amount  of  chlorine  which  is  not  united 
with  Na,  but  with  some  other  metal,  is  very  insignificant,  and  not 
likely  to  lead  to  any  error  that  is  worthy  of  consideration  in  what 
is,  after  all,  only  a  rough  method  of  analysis  (speaking,  that  is 
to  say,  of  electroconductivity).     The  methods  which  may  be 
adopted  for  the  estimation  of  chlorides  in  puncture -fluids  have 
already  been  dealt  with  in  Section  I.,  and  it  was  there  pointed 
out  how  necessary  it  is  to  decide  how  much  of  the  CI  is  free 
and  how  much  in  combination  ivith  the  albumen,  and  the  advan- 
tage of  simphcity  which  an  estimation  of  chlorine  titrimetrically 
after  removal  of  the  albumen  by  boiling  has. 

(2)  The  effect  of  variations  of  temperature  on  the  conductivity 
of  the  fluids  examined.— As  would  be  expected,  the  warmer  the 
fluid,  the  better  will  be  its  conductivity.  This  is  due  to  the 
increased  rate  of  migration  of  the  ions  with  the  increase  in  the 
temperature. 

In  practice,  the  author  has  found  it  most  convenient  in  the 
end  to  make  all  determinations  of  every  kind  at  a  temperature 
of  18°  C,  which  is  the  temperature  at  which  the  determinations 
of  conductivities  of  various  substances  by  Kohkausch,  Holborn, 
etc.,  have  been  made.  The  advantage  lies  in  the  fact  that  one 
has  now  no  correction  to  make  for  temperature  variations.  It  is 
true  that  there  are  correction  tables  to  be  had.  by  which  one  can 
calculate  the  conductivities  of  salt  solutions  at,  say,  37°,  or  body 
heat,  but  the  formulas  do  not  give  quite  accurate  results,  and  are 
only  really  approximate. 

However,  as  there  is  always  the  risk  that  one  may  not  be  able 
to  make  an  observation  exactly  at  18  °  C,  either  from  the  thermo- 
stat bemg  out  of  gear  (changing  the  water,  for  instance),  or  from 
a  desire  to  make  an  observation  at  a  moment's  notice,  it  becomes 
of  more  than  mere  academic  interest  to  know  how  the  error  may 
be  corrected.  ^ 

As  there  is  a  rise  of  conductivity  for  each  degree  rise  of  tempera- 

Z^.V.ri  f^^'  f^"''  '^''^  ^^^^  mathematical 

relation  between  the  two.    For  instance,  if  the  conductivity  be 
known  at  18°  and  also  at  25  and  30  and  37°  C  one  should  be  abl 
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to  work  out  the  intermediate  values  with  tolerable  accuracy  by 
aid  of  the  differential  calculus.    This  is  so.    But  this  involves 
actual  determinations  at  each  of  these  temperatures  for  that 
particular  strength  of  solution.    It  would  be  necessary  to  do  the 
same  for  every  variation  in  strength  of  solution,  a  procedure  which 
would  become  most  irksome.    It  is  true  that  one  might  proceed 
on  similar  lines,  and  deduce  a  formula  by  which  one  could  calcu- 
late the  conductivity  of  successively  increasing  strengths  of  salt 
solution.    But  then  we  should  be  having  two  variables,  or  two 
series  of  only  approximate  values,  a  condition  which  is  undesir- 

^^^The  increase  in  conductivity  which  would  occur  with  each 
degree  rise  in   temperature  has  been  caUed  the  temperature 
coefficient,  and  has  been  worked  out  for  various  substances. 
The  temperature  coefficient  is  calculated  as  follows  : 
For  a  difference  in  temperature  of  t,  - 1„  where  t.  is  the 
higher  temperatm-e,  the  conductivity  is  k,  -  k„  so  that  for 
I  degree  the  conductivity  would  alter  by 

k,  -  k, 


t,  -  t, 


The  relation  between  the  rise  per  degree  to  the  total  conduc- 
tivity, i.e.  the  temperature-coefficient,  ^viU  therefore  be: 


k,,  -  k,  _  J  .  k,  -  k, 

17^"  k     t, -t, 
"  k 

.      ,  ,      I      k,  -  k, 
i.e.  coefficient  (c)  =  r-  x      _  ^ ' 

Kg  1 

or,  k„  =  k,(i  +  ct), 


where  t  is  the  number  of  degrees  rise  of  'f-^^l^^^'- „j 

•  ri  .ur  +n  hold  eood  the  less  the  rise  of 

The  formula  as  ^^l'^\^:^,Xn  in  the  cited  example 
temperature.    That  is  to  sa>  the  co  ^  ^^^^^^  ^^^^  ^een 

will  be  more  correct  than  it  tne  nignc  i 

''°Lm  observations  by  Bugarsky  and  Tangl  we  may  correct 
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for  temperature  in  the  experiments  with  puncture-fluids  by  the 
aid  simply  of  the  following  formula : 

k     =  J.    _  kt   X  (t  —  18)  X  2"2r 
'  100  ' 

where  t  is  the  higher  temperature,  k,  is  the  conductivity  ascer- 
tained by  experiment  at  this  higher  temperature. 

We  are  now  in  a  position  to  discuss  the  effect  of  mixture  of 
electrolytes  and  non-electrolytes  on  the  freezing-point  depression 
and  on  the  conductivity,  especially  in  cases  in  which  van't  Hoff's 
law  does  not  hold. 

The  simple  conceptions  already  detailed  do  not  hold  for  a 
wide  range  of  dilutions,  but  the  osmotic  pressure  will  show  de- 
viations from  the  law  as  one  passes  to  high  or  to  weak  dilutions. 
A  solution  of  cane-sugar  will  show  a  more  rapid  increase  of  osmotic 
pressure  on  dilution  than  would  be  the  case  if  the  simple  law 
held  good.  In  the  case  of  electrolytes  the  deviation  is  even 
more  decided. 

This  question  is  worthy  of  consideration. 
The  interaction  between  them  may  take  three  forms:  (i) 
inhibition  of  dissociation  of  electrolytes  ;  (2)  chemical  interaction 
leadmg  to  the  formation  of  a  number  of  larger  and  more  complex 
molecules;  (3)  polymerisation.  It  has  been  found  that  the 
latter  does  not  occur. 

This  question  has  been  carefully  gone  into  by  Ernst  Tezner, 
and  he  made  up  accurately  weighed  solutions  of  mixtures  of  this 
kmd,  m  order  to  discover,  if  possible,  whether  there  were  any 
relation  capable  of  mathematical  expression.  The  results  ob- 
tained showed  that  when  the  concentration  in  watery  solution 
IS  mcreased  the  osmotic  pressure  and  other  colloid  properties 
mcrease  much  more  rapidly  than  van't  Hoff's  law  would  have 
This  fact  IS  noticeable  in  even  very  dilute  solutions  (more  than 
— ).     If  there  are  several  different  substances  present  in  the 

solution,  the  total  depression  of  freezing-point  is  less  than  the 
sum  of  the  components. 

Starting  with  van't  Hoff's  formula  : 

^  A  =  -^li  (k  +  k,),* 
^         100  w 

l.fnn/ h.tf  ^'f  7  '^o'l'^^'^'^'-ation  Of  the  dissolved  substances,  W  = 

latent  heat  of  fusion,  T  =  absolute  temperature,  R  =  constant. 
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where  W  and  T  remain  constant  whether  the  substances  arc 
mixed  or  whether  they  remain  separate,  Tezner's  experiments 
show  that — 

or  k  +  k,  <k'  +  k'. 

By  mixing  components,  the  osmotic  concentration  becomes 

diminished.  .   .     .,  ,  .t. 

By  adding  non-electrolvtes,  further,  the  friction  between  the 
ions  is  increased,  and  their  rate  of  migration  altered ;  there  is 
increased  viscosity.  These  effects  are  manifest  in  the  change 
of  the  electroconductivity  of  the  solution.  The  equivalent 
conductivity  A  comes  to  be  diminished  because  of  the  change 
in  the  viscosity  V  and  in  the  diminution  of  dissociation  D. 

Since  the  change  in  the  osmotic  pressure  is  a  simple  function 
of  this  equation  will  enable  f{dY)  to  be  calculated  as  mcrease 
in  viscosity  (not  an  actual  change  of  viscosity). 

The  degree  of  dissociation  is  the  expression  of  the  state  ot 
equilibrium  which  results  from  the  force  of  separation  of  the  ions 
acting  against  or  with  the  force  of  electrostatic  attraction  between 
Oppositely  charged  ions  ;  and  the  degree  of  dissociation  is  an 
expression  of  the  dissociating  power  of  the  electrolytes.  The 
force'  of  electrostatic  attraction  prevents  new  ion-combma  ions 
rmforming,andmaybeexpressedbythedielectricity-const^^^^^ 

;  constant  which  is  diminished  the  greater  the  concentration  of 

^'^Tn""  the  entire  effect  of  addmg  a  non-e^ctrolyte 
ro  an  electrolyte  to  diminution  of  the  ionisation  of  the  fluid. 

The  i^troluction  of  several  new  considerations  into  the  above 
arguments  shows,  however,  how  complex  the  problem  ,s  with 
Xch  we  have  to  deal  when  we  wish  to  form         -n  ep  on 
of  the  actual  ionic  or  other  constitution  of  such  a  fluid  as 
puncture-fluid.  . 

•  H„hf^rl  to  Arrhenius  for  further  considerations  about  ion  sa- 

electrolytes  is  represented  by  the  formula  :  ^ 
Cone.  X  A  =  const,  (cone.  X)=, 
_X  and  A  being  different  electrolytes.    (2)  In  ,  mixture  of  salts,  the 
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salts  arc  dissociated  to  nearly  the  same  extent  as  the  molecular  concen- 
tration, and  the  fraction  which  remains  undissociated  is  proportional  to 
the  product  of  the  valencies  of  the  two  ions  ;  (3)  if  the  number  of  ions 
per  cubic  centimetre  be  the  same  in  the  two  solutions  (isohydric),  the 
degree  of  dissociation  will  not  alter. 

Cone.  X  A  =  const,  x  cone.  X  x  cone.  A. 

If  a  be  the  conductivity  which  the  solution  would  have  if  only  one 
substance  were  dissolved,  and  a„  that  which  it  would  have  if  the  other  only 
were  dissolved,  then  on  mixing  the  two  the  water  may  be  supposed  to  be 
divided  into  two  parts,  each  being  isohydric.  If  v.  v,  be  the  respective 
volumes  of  the  solutions 

conductivity  of  mixture  x  (v  +  v,)  =  av  +      z/,  ; 

(4)  the  friction  between  the  ions  has  also  to  be  considered,  a  correction 
bemg  especially  necessary  in  the  case  of  solutions  above  o-in.  and  may 
attam  2  to  3  per  cent,  even  at  this  degree  of  dilution.  Taking  into  account 
this  factor,  Arrhenius  suggests  the  formula  : 

Cone.  ofXA=  const.  Cconc.  of  ions  X +)  rconc.  of  ions  A~) 

■v/ total  cone,  of  ions  X  +  +  X,+  +  ....  +  A~  +  A,~  +  .  .  .  ) 
X,  A,  etc.  representing  different  salts. 

Many  attempts  have  been  made  to  draw  some  relation 
between  the  freezing-point  depression  of  a  fluid  and  its  specific 
gravity.  Fuchs  considered  that  the  specific  gravity  of  urine 
multipHed  by  0-075  wiU  give  the  freezing-point  depression.  Other 
factors  have  been  devised  by  different  observers.  If,  however 
we  reflect  upon  how  many  conditions  the  freezing-point  depres- 
sion depends,  we  shall  at  once  see  that  any  factor  of  this  kind  must 
needs  fail. 

The  foUowing  figures  from   cases  in  the  Leeds  General 
Infirmary  wiU  show  the  incorrectness  of  such  formulcE  : 


TABLE  XIII 


Specific  Gravity. 

Freezing-point  observed. 

Freezing-point  calculated  from 
the  Specific  Gravity. 

1-024 
I -01 7 
I  032 

1033 
1015 
I-014 
1  -010 
I-013 
I  022 
1029 

1 -  459 
I  025 
rgio 

2 -  006 
I -06 1 

0-  990 

1-  002 
0-919 
i'3S2 
1775 

I -So 

1-  27 

2-  38 
2-47 
1-126 
1-047 

0-  750 

1-  OI3 

1-  625 

2-  i6i 
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In  the  case  of  puncture-fluids  the  calculated  results  are  hope- 
lessly incorrect. 

We  now  come  to  the  methods  of  performing  cryoscopy  and 
eledrocondudivity.  As  regards  the  former,  the  widespread 
knowledge  of  the  method  renders  any  exact  account  superfluous. 
As  regards  the  second,  there  are  several  details  worthy  of  con- 
sideration, especially  from  the  standpoint  that  the  method  plays 
an  important  part  in  the  examination  of  puncture-fluids  as 
advocated  in  this  work. 

I.  Cryoscopy.— Sources  of  Error.— The  first  possible 
source  of  error  lies  in  an  incorrectly  graduated  thermometer.  The 
calibre  of  the  tube  may  not  be  absolutely  uniform,  so  that  each 
degree  of  the  scale  may  not  have  the  same  value.  This  error  can 
be  aUowed  for  by  the  ordinary  methods  of  calibration.  The 
construction  of  the  reservoir  may  be  at  fault  :  the  sides  should 
slope  quite  gradually  towards  the  capillary. 

The  zero-point  may  have  been  incorrectly  determined.  The 
best  way  of  ensuring  the  correctness  of  this  is  to  make  several 
determinations  at  the  outset,  and  take  the  mean.  Subsequent 
extreme  care  in  handling  the  instrument,  with  occasional  controls 
of  the  zero  after  days  or  weeks,  according  to  the  frequency  of  its 
use,  will  suffice.  It  is  essential  to  use  absolutely  pure  water 
(or' distilled  water  which  has  been  boiled  to  liberate  gases)  for 
the  purpose  of  fixing  the  zero-point.  It  is,  however,  best  to  use 
water  which  has  been  twice  distilled,  and  once  with  glacial  phos- 
phoric acid,  reboiled,  and  preserved  in  absolutely,  scrupulously 
clean  (boiled  with  acid,  etc.)  Jena  glass  flasks. 

A  further  control  is  obtained  by  estimating  the  freezmg-pomt 
of  a  i-per-cent.  solution  of  pure  sodium  chloride  in  distilled  water 
after  each  observation  of  a  fluid.  It  is  much  easier  to  obtam  the 
freezing-point  of  a  salt  solution  than  of  pure  water,  and  this  gives 
a  control  on  the  accuracy  of  the  instrument. 

The  next  source  of  error  is  undercooling,  because  the  more 
the  fluid  is  frozen  the  more  ice  separates  out,  and  the  more  con- 
centrated becomes  the  residual  salt  solution.  If  only  half  a 
degree  of  undercooling  is  allowed,  then  only  1/60  of  the 
bulk  of  the  fluid  has  separated  out  as  ice,  and  the  resulting  error 
is  negligible.  The  freezing-point  may  be  reached  by  this  time 
if  the  mixture  be  suddenly  energetically  stirred  as  soon  as  so 
low  a  teiTiperature  has  been  reached. 


PHYSICO-CHEMICAL  EXAMINATION 


I  I  I 


The  error  which  may  arise  from  using  too  powerful  a  freezing- 
mixture  is  similar,  but  the  means  of  avoiding  this  have  already 
been  explained.  The  temperature  of  the  freezing-mixture  should 
not  be  more  than  3°  C.  below  that  of  the  freezing-point  of  the 
fluid  to  be  examined. 

Any  error  which  may  arise  from  the  fluid  not  being  cooled 
uniformly  is  avoided  by  careful  enclosure  of  the  apparatus  in 
■cotton-wool  and  the  use  of  a  mechanical  stirring  device. 

Hamburger  recommends  that  at  each  determination  the 
reading  of  the  thermometer  should  be  taken  for  a  i-per-cent. 
solution  of  NaCl,*  and  also  for  distflled  water.  If  this  be  done 
before  and  after  each  series  of  observations  one  can  control  the 
thermometer  itself,  as  it  occasionally  happens  that  the  readings 
vary  during  the  same  day,  either  from  variations  in  barometric 
pressure  or  from  changes  in  the  glass  foUowing  exposure  to  cold. 

2.  The  Determination  of  Electroconductivity.— The 
apparatus  which  is  necessary  for  determining  the  electrocon- 
ductivity of  a  fluid  is  usually  described  sufficiently  fully  in  text- 
books of  practical  physics.  The  foUowing  account  will,  however 
save  reference  to  such  works,  and  include  certain  practical  details 
which  have  been  found  useful. 

The  following  diagram  will  indicate  the  various  parts  of  the 
apparatus,  f 

The  vessel  which  receives  the  fluid  to  be  examined  demands 
special  consideration.  It  consists  of  a  speciaUy  shaped  tube 
wide  above  and  narrow  below.  It  is  very  easily  cleaned  As 
It  IS  made  of  Jena  glass  there  is  no  risk  of  interaction  between 
glass  and  fluid  to  be  examined.  Every  time  it  is  used  it  is 
thoroughly  washed  out  with  distiUed  water,  and  wiped  dry  with 
absorbent  non-medicated  cotton  wool.  Every  now  and  then  it 
should  be  cleaned  by  soaking  in  weak  nitric  acid  overnight  If 
these  precautions  are  followed  there  is  no  need  for  errors  to  arise. 

f       uic  ui  me  water  or  of  graduations  in  the  measnrp  'ri,^ 
gravity  of  such  a  solution  is  1-0076  at  0=  C    and  Th.r  P""''^" 
per  Utre,  or  -1704  mol.  per  htre  and  thl  fr^  ""'^  ^"^7°  ^''^'"^ 

adding  a  Httle  thUl  "L^^St ^^^^S^^t:  ' 

t  Obtained  from  Frit.  Kohler,  Universi^ats  Me'ch^^Jker,  Leipzig. 
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mercury.  This  has  been  found 
any    spilling    of   the  mercury 


The  adoption  of  this 
form  of  vessel  also 
avoids  any  considera- 
tion of    the  many 
varied  forms  of  vessel 
that  different  authors 
have  used  and  de- 
scribed, for  none  of 
them  are  so  readily 
cleaned  and  so  little 
liable  to  break. 

The  electrodes 
for    this    vessel  are 
arranged  as   in  the 
drawing  which  shows 
the  apparatus.  One 
electrode  passes 
through  the  other, 
and  they  are  formed 
of  strong  glass  tubing; 
into  the  free  end  of 
each  the  electrode  is 
fused.  They  are  kept 
in  position  by  being 
fixed  into  an  ebonite 
disc  grooved  to  allow 
them   to  sit  firmly 
within  the  tube,  and 
be  absolutely  vertical 
in  it.    The  tubes  are 
three    parts  filled 
with  mercury,  and 
receive   thin  copper 
wires,  a  layer  of 
hard  paraffin  being 
added,  so    as  to 
completely  fiU  the 
tube    above  the 
most  useful  for  preventing 
should    the   apparatus  be 
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accidentally  upset,  and  the  copper  wire  is  also  kept  firmly  in 
place.* 

The  Treatment  of  the  Electrodes. — It  is  necessary  to 
platinise  the  electrodes  thoroughly  before  they  can  be  used.  This 
increases  the  conducting  surface  very  greatly.    The  electrodes  are 
soaked  in  soda  solution  (placed  in  the  corresponding  vessel)  for 
a  few  hours,  and  then  repeatedly  cleaned  with  water.    They  are 
now  placed  in  aqueous  platinum  tetrachloride  (the  usual  strength 
purchasable),  to  which  has  been  added  lead  acetate  to  the  extent 
of  0-025  per  cent,  and  a  strong  current  passed  through.  Four 
Daniell  cells  will  serve  the  purpose.    The  current  flows  for  five 
minutes,  and  is  then  interrupted,  and  the  connections  altered  so 
as  to  reverse  the  current,  which  flows  for  a  further  five  minutes. 
This  is  repeated  till  both  electrodes  are  found  thickly  coated 
with  platinum  black.    The  electrodes  are  now  left  in  distilled 
water  for  some  hours  before  use,  m  order  to  soak  out  impurities 
entangled  in  the  platinum  black. 

The  electrodes  are  to  be  kept  in  pure  water,  and  must  never 
come  in  contact  with  the  skin  or  be  allowed  to  dry  up.  In  the 
latter  case  they  would  have  to  be  cleaned  and  reblacked.  To 
remove  the  excess  of  water  before  dipping  the  electrodes  into  the 
fluid  to  be  examined,  all  that  is  necessary  is  to  hold  a  piece  of 
clean  filter-paper  against  them,  when  they  become  almost  dry. 
They  are  then  rinsed  in  some  of  the  fluid  to  be  exammed.  and 
subsequently  placed  in  the  vessel  containing  this  fluid. 

It  will  be  found  essential  for  rapid  work  to  have  several  vessels, 
which  should  be  marked  in  successive  numbers  with  commercial 
hydrofluoric  acid.f 

As  regards  the  size  of  the  electrodes  it  is  only  necessary  to  say 
that  the  larger  the  electrode  the  more  accurate  the  results,  because 
otherwise  polarisation  occurs,  especially  with  a  low  resistance, 
ihe  result  is  shown  by  not  being  able  to  find  a  spot  on  the  bridge 
where  the  sound  is  entirely  lost  in  the  telephone.  The  smaUer 
the  electrode  the  more  careful  must  be  the  platinising. 

.i..f  ^\  mentioned  that  in  case  of  breakage  it  is  best  to  send  the 

electrodes  and  vessel  straight  back  to  the  makers,  since  there  s  so  much 
difficulty  in  obtainmg  hard  glass  and  fusible  glass  of  exactly  the  Tamt 

-n---~m-r^:^^^^  iti3.ho.Se::^— 

on  the' glass!"  '°  ''''''  ^'^^  "  ^^P^'^^  "  °^  ^he  vessel  (see  below) 
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The  use  of  fairly  large  electrodes  is  therefore  the  most  simple 
and  the  most  accurate. 

The  vessel  is  maintained  at  a  definite  temperature  correct  to 
^  degree  by  means  of  a  thermostat. 

This  thermostat  consists  of  an  enamelled  vessel  of  suitajple  size 
covered  with  felt  and  raised  on  a  stand  sufficient  to  allow  a  small 
gas-jet  to  stand  beneath.  It  is  filled  with  water  to  within  an  inch 
or  two  of  the  brim.  Into  the  water  dips  a  speciaUy  accurate  ther- 
mometer registering  to  60°  C,  and  graduated  into  tenths  of  adegree. 
A  lens  will  allow  hundredths  to  be  read  off.  A  toluol  regulator  also 
dips  into  the  water.  This  form  of  regulator  is  the  most  sensitive 
and  satisfactory  in  all  ways.  A  mechanical  stirring  arrangement 
is  necessary  to  keep  aU  parts  of  the  water  at  the  same  temperature. 

The  Method  of  Carrying  out  the  Determinations.— 
In  the  first  place  it  is  necessary  to  determine  the  resistance- 
capacity  ("  C  ")  of  the  vessel  into  which  the  fluid  is  placed _ 
By  this  is  meant  the  resistance  presented  when  a  conductor  of 
conductivity  i  is  placed  in  the  vessel.  The  value  will  vary  with 
the  dimensions  of  the  vessel  used. 

The  standard  solution  of  known  conductivity  is  decmormal 
KCl,  and  the  vessel  receives  enough  to  well  cover  the  electrodes. 
The  vessel  is  placed  in  the  thermostat  at,  say,  18°  C,  and  the 
connections  are  made  as  shown  in  the  figure,  the  induction-coil 
started,  and  a  resistance,  say  100,  is  interposed  by  means  of  the 
box    The  movable  point  is  moved  about  tiU  there  is  silence  m 
the  telephone.    A  few  controls  may  be  made,  and  then  a  higher 
resistance  is  interposed,  and  another  reading  taken.    Agam,  a 
third  resistance  is  used,  so  as  to  bring  the  reading  on  the  scale 
as  nearly  500  mm.  as  possible,  since  most  accurate  results  are 
obtained  near  the  centre  of  the  bridge. 

The  capacity  is  equal  to  the  value  for  the  known  conductivity 
multiplied  by  the  mean  resistance  found  necessary  m  the  box. 

The  mean  resistance  is  obtained  thus  : 

J.    •  498 

Suppose  at  100  ohms  the  reading  IS    ••• 

and  at  120    „  «  •"       ■"'  _  523 

and  at  90    „  » 
Then  the  resistance  of  the  l^id  will  be^  _  ^ 

as  a-  ;  i2o::453:  ioo°-4S3=99;384 
as.v:  90::  523:  100° -523  =  98636 

Mean    ...  99"oS6 
Capacity  =  conductivity  of  n/io  KCl  at  18°  (-01119)  +  99  o8  =  --.o 
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When  this  has  been  once  determined  for  a  particular  vessel 
the  value  should  be  noted,  and  it  is  convenient  to  make  a  table 
showing  the  correction  that  will  have  to  be  made  for  every 
resistance  that  will  be  found  to  be  possessed  by  any  fluid  that 
will  be  subsequently  examined.  This  will  be  found  to  save  a 
great  deal  of  calculation.  The  procedure  with  the  fluid  to  be 
tested  is  exactly  the  same.  The  fluid  to  be  tested  replaces  the 
decinormal  KCl  in  the  vessel  after  the  latter  has  been  cleaned  in 
the  manner  already  described.  The  little  piece  of  apparatus  is 
placed  in  the  thermostat  at  the  same  temperature,  and  then  the 
estimations  carried  out  exactly  as  before,  a  mean  reading  being 
taken. 

We  have  now  the  following  relations  : 

The  resistance  to  be  estimated :  resistance  in  box :  :  a  :  b, 
where  a  is  the  length  from  zero  on  scale  to  movable  point  when 
the  telephone  is  silent,  and  b  is  the  distance  from  the  latter  to 
the  end  of  the  metre. 


a 


b      lOoo  —  a 


A  ready  reckoner  has  been  provided  by  Obach  for  reading 
off  the  values  of  all  these  fractions  without  labour  (see 
Appendix). 

Now,  the  conductivity  of  the  fluid  is  found  when  the  resist- 
ance-capacity of  the  vessel  is  divided  by  the  resistance  of 
the  fluid. 

This  is  specific  conductivity,  or  the  conductivity  possessed 
by  a  volume  of  fluid  i  square  cm.  in  area,  and  i  cm.  deep.  This 
IS  a  convenient  mode  of  expressing  the  conductivity,  and  will 
be  found  to  be  adopted  in  most  of  the  papers  published  on  the 
subject  abroad.    The  letter  k  is  used  to  express  it  in  brief 

Another  mode  of  expressing  the  conductivity  is  in  terms  of 
the  number  of  gram-equivalents  of  electrolyte  in  a  vessel  whose 
electrodes  are  i  cm.  apart,  no  matter  how  large  the  electrodes 
symbofA  conductivity,   represented    by  the" 

The  molecular  conductivity  is  the  value  when  the  result  is 
expressed  m  terms  of  number  of  gram- molecules  of  electrolyte 

e^^olyr'  -  ^^^^^  — l-t 
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The  equivalent  conductivity  is  calculated  by  dividing  the 
specific  conductivity  by  the  number  of  gram-equivalents  per 
cubic  centimetre.  The  objection  to  this  mode  of  expression 
is  that  in  the  fluids  under  consideration  we  do  not  know  the 
gram-equivalent  per  centimetre,  and  it  is  not  wise  to  express  it 
in  terms  of  NaCl  for  reasons  already  fully  dealt  with. 

Results  of  Examination  of  the  Freezing-point  and  of 
THE  CoNDUCTiviTY.-Since  both  these  modes  of  study  prac- 
tically form  the  basis  of  the  work  which  is  herem  recorded,  it 
is  unnecessary  to  specially  collect  together  the  values  obtained 
in  the  case  of  various  puncture-fluids,  since  these  will  be  found 
under  the  appropriate  headings  throughout  the  book,  and 
especially  in  Sections  III.  and  IV. 

We  may  refer  to  Table  XVI.  for  the  values  obtamed  m  many 
pleural  and  peritoneal  fluids,  and  Tables  XVI.  to  XIX.  for  the 
electroconductivity  of  fluids.  Further  detafls  are  also  given  m 
the  special  cases  reported  in  Section  VI. 

The  application  of  these  methods  of  study  to  other  problems 
which  are  of  interest  in  the  study  of  puncture-fluids  is  lUus- 
trated  by  the  detection  of  autolytic  phenomena  as  recorded  m 
Table  XI  by  the  examination  of  the  osmotic  concentration  of 
le  bloodlt  the  same  time  as  that  of  the  puncture-fluid  *  (Section 
III.),  and  of  the  urine  secreted  at  the  time  of  tappmg  the  effusion 
to  be  examined  (Section  VI.). 

into  in  Section  I. 

•     Other  Methods  of  Determining  Osmotip  ^^^^^'^^^^ 

iTpre"?     ■         e  ,o.p.as„i  u,un  .he  .wo  «.as 

*  Cohn  elaborated  this  idea. 
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are  at  the  same  concentration.  The  two  solutions  are  now  isotonic 
If  water  passes  out  of  the  cell  into  the  water  the  protoplasm  will 
contract  and  vacuoles  appear.  De  Vries  ascertained  that  there 
are  definite  relations  between  the  molecular  concentration  of  salt 
solutions  and  the  apj^earance  of  this  phenomenon,  and  Hamburger 
found  that  if  red  cells  be  used  in  place  of  the  vegetable  cells, 
similar  rules  will  hold  good,  with  the  difference  that  in  this  case 
absence  of  tonicity  will  be  shown  by  the  passage  of  hemoglobin 
out  of  the  red  cell. 

In  1906  Hamburger  published  his  method  of  estimating  the 
osmotic  pressure  on  this  principle.     The  volume 
of  the  red  cells  depends  on  the  osmotic  pressure  of 
the  solution  in  which  they  lie. 

The  fluid  to  be  tested  is  placed  in  a  special 
tube,  like  that  indicated  in  the  accompanying 
figure,    funnel-shaped    above,    and  calibrated 
below.    Into  other  similar  tubes  are  placed  salt 
solutions  of  different   strengths   (0-9,  i-q,  i-i, 
1-2,  1-3,  1-4,  1-5,  1-6  per  cent.  NaCl).    To  each 
tube  is  now  added  0-02  to  0-04  cc  of  deli 
brmated   blood,  and   after   mixing   each  and 
allowmg  to  stand  for  half  an  hour,  the  tubes 
are  aU  centrifuged  tiU  the  deposit  of  red  cells 
ceases  to  alter  in  amount.    The  osmotic  pressure 
of  the  fluid  will  be  the  same  as  that  of  the 
solution  of  NaCl  in  which  the  volume  of  the  deposit  is  the 

LTbl  T  The  graduation  of  the  tubt 

enables  this  volume  to  be  read  off  accurately  * 

The  sole  objection  to  the  method  is  that  it  involves  the  use  of 
a  very  powerful  centrifuge,  an  apparatus  which  is  out  of  the 

"ffild  P^bably  few  clmicaU:  o^a! 

tones  can  find  accommodation  for  an  instrument  whiVK  ■ 

rsTLtnfe  -  ~oi:tooo 

whi^^:^;:s^r;Lt:?c:~^^^  -  ^^-^---^ 

and  It  also  fails  in  the  cLe  of  X  1  T,^'''^'  '''''''' 
devoid  of  any  influence  on  tl  substances 
y  innuence  on  the  volume  of  the  corpuscles  in 

*  Obtainable  from  J.  J.  Bohm,  Groningen. 


Hamburger's 
Pipette. 
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spite  of  their  influence  on  the  osmotic  pressure.  Urea,  lor 
instance  which  divides  itself  evenly  over  corpuscles  and  medium, 
will  not   show   any  appreciable   change   by  the  hemolytic 

""^Another  difference  between  the  results  obtained  by  the  red- 
corpuscle  method  and  those  obtained  by  the  freezmg-pomt- 
determination  method  lies  in  the  fact  that  in  the  former  case  one 
ascertains  the  strength  of  a  solution  of  sodium  chloride  with 
which  blood-serum,  say,  is  isotonic,  whereas  in  the  other  case  one 
learns  the  total  concentration  of  the  solution,  no  matter  what 
salts  are  present.    Blood-serum,  or  ascitic  fluid,  etc.,  does  not 
contain  NaCl  only,  but  carbonates,  phosphates,  sugar,  urea,  etc.. 
so  that  one  is  not  strictly  accurate  in  expressing  them  al  in 
terms  of  NaCl.    Then,  again,  in  diluting  an  albummous  flmd  like 
blood-serum  with  water  in  order  to  test  its  tonicity,  one  does  not 
diminish  the  osmotic  pressure  m  the  same  propor  ion  a^  th 
dilution,  because  one  not  only  increases  the  lonisation  of  the 
mokcul  s  each  time,*  but  the  resistance  to  the  movemen  of 
Te  Trls  IS  lessened  by  the  pressure  of  the  relatively  less  coUoid 

"'t  further  error  arises  from  the  fact  that        -rpuscles  are 
permeable  to  different  ions  m  different  degree,  and  not  only  hat 
but  the  permeabihty  of  red  cells  for  ions  varies  w  th  the  actual 
cond^tfon  (the  "  health,"  as  it  were)  of  the  red  ceUs  themselves. 
?he  w!ty  of  serum  tested  m  this  —  ^d  — ^ 
terms  of  NaCl  will  not  correspond  precisely  to  that  expressea 
Herms  of  NaXO,,  where  sodium  carbonate  was  used  m- 
stead  of  sodium  chloride  ;  and  so  also  the  tonicity  would  no 
correspond  with  that  expressed  m  terms  of  such  a  substance 

"  TheXwhich  might  arise  m  not  using  absolutely  jre^^^^^^^^^^ 
corpuscles  is  not  important,  provided  they  are  used  with  aseptic 
precautions  and  not  ^ept  nnd^^^^^^^^^^ 

such  substances  as  urea  in  a  fluid,    (bee  unu 
Section  HI-)- 
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The  following  table  will  show  the  application  of  the  method 
(from  Hamburger's  paper,  Biochem.  Zeit.  I.). 


Fluids. 


Volume  of  Deposits  of  Red  Cells  after 
Centrifugalising. 


J  hour.  Uhour. 


Lymph 

0-9  %  NaCl  . 

0-  95  %  NaCI : 
I  %  NaCl  ; 

1-  05%  NaCl ; 


i  hour.  J  hour.  J  hour.  15  min.  |  lomin. 


58 

55 
58 
59 
58 
55 
56 
54 
50 
51 


51 

48 

50 

47 

54 

50 

54 

52 

49 

48 

51 

48 

50 

47 

49 

47 

46 

44 

46 

44 

47 

46 

46 

47 

46 

46 

49 

49 

49 

50 

49 

49 

47 

47 

47 

47 

47 

47 

46 

45 

45 

46 

45 

45 

43 

43 

43 

43 

43 

43 

46 
46 

49 
49 
47 
47 
45 
45 
43 
43 


The  objections  mentioned  also  apply  to  the  method  devised 
by  Sir  A.  E.  Wright,  although  in  this  case  the  apparatus  has  the 
advantage  of  extreme  simphcity.  For  comparing  the  osmotic 
concentration  of  blood-serum  and  urine  of  a  patient  it  is  very 
useful  because  so  small  a  quantity  of  fluid  is  needed.  In  this 
method  the  familiar  pipettes  are  employed,  and  a  mark  being 
made  on  the  stem  of  the  capillary,  different  dHutions  of  blood 
with  a  standard  solution  of  NaCl  ("  N  until  the  particular- 
dilution  IS  found  that  just  causes  hemolysis.    Suppose  two 

of  blood,  1  e.  two  volumes  of  a  o-i67-per-cent.  NaCl  cause 
hemolysis  of  one  volume  of  blood.    The  m-ine  is  then  dilute d  m  a 

S  1,  If,,  '         "^y-         d""*"  is  found  which 

compared  w.th  .h:™  fte  jlSe  »^ 

y  01  no  avail,  lor  the  same  reasons  that  the 
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hemolytic  method  of  Hamburger  fails.  On  the  other  hand,  the 
method  may  be  used  in  place  of  Hamburger's  to  amplify  the 
values  ascertained  by  cryoscopy,  and  throw  light  on  the  abun- 
dance or  otherwise  of  substances  in  a  fluid  which  are  permeable 

to  red  cells.  ^ .         •     /u  ^.^^ 

LimUck's  method  consists  in  placing  I  cc.  of  mcreasmg  (by  o  03 
per  cent.)  concentrations  of  NaCl  into  each  of  sixteen  small  tubes 
and  adding  a  trace  of  blood  to  each.  After  six  hours  it  is  noted 
in  which  tube  hemolysis  has  occurred.  The  method  takes  into 
account  the  resistance  of  the  red  cells-quite  another  subject. 

The  differential  tensimeter  of  Friedenthal  has  the  advantage 
of  enabling  the  variations  m  osmotic  pressure  to  he  watched,  but 
necessitates  the  study  of  the  body-fluid  without  Us  gas.s  since 
these  will  be  removed  by  the  mercury  pump  belongmg  to  the 

''T'The  Critical  Solution-point.-Quite  recently  (February 
TQ08)  W  R.  Gelston  Atkins  published  a  new  physico-chemica 
m'ethod  of  examination  of  urme.  which  he  advocated  m  place  o 
Svoscopy  for  the  diagnosis  of  the  functional  efficiency  of  the 
Xv  Without  discussing  the  value  which  is  to  be  attached 
tth^  mode  of  diagnosis,  one  may  refer  to  the  method  as  one 
My  to  be  of  interest  in  the  study  of  those  puncture-fluids 

-'^t^':l::t;rrtt^^^^^    .  and  water  be 

which  the  two  fluids  just  become  completely  miscible.  Thi 
at  which  tne  X  J    ^  ^^^^.temperature,  and  is  a  constant 

temperature  IS  ^e^^^^^^^^^^^  deviation  from  the  critical 

for  the  particular  mixture.    Any  reflection 

and  brown  by  critical  solution-tempera- 

and  water  present  solution-point)  bemg 

n-  In  son^e  cases  however,  it 

:rth"op:resce:crwh.b  .  t^e  ..de  to  tbe  cnt.a,  so^.Uon-po.n t , 

^"''tdaTT"utrce™  ^aises  the 

the  addition  of  a  ^^'^        ^        depending  on  the  concen- 

Z^oi  for  the  purposes  indicated  above. 
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The  procedure  is  as  follows  :  some  crystalline  phenol  (m.p. 
40°  C.)  is  placed  in  a  dry  test-tube  and  distilled  water  poured  in 
till  the  phenol  is  covered.  The  tube  is  then  warmed  till  the 
contents  are  homogeneous.  On  cooling  a  fog  appears,  and  with 
certain  dilutions  this  fog  is  preceded  by  an  opalescence.  If 
■opalescence  does  not  appear,  more  water  is  added  till  it  does  do 
so  on  cooling.  The  temperature  is  then  noted.  Further  addition 
of  water  again  will  prevent  the  opalescence  from  appearing.  The 
temperature  in  which  a  fog  appears  in  the  mixture  having  the 


2(r 


to' 


6        7  parts  fluid 

^'""■^nT.^^'r'*''^'  solution-point  (.) ;  a,  the  curve  showing  the  critical 

01  ascitic  fluid  (case  of  cirrhosis  of  the  liver);  b.  the  curve  in  the 
case  of  phenol  and  distilled  water. 

test  opalescence  is  the  critical  solution-point  and  is  constant  for 

iested  IS  treated  with  phenol  m  the  same  way,  and  the  difference 
in  the  temperatures  in  the  two  cases  is  observed.  This  difference 
IS  the  nse  m  the  critical  solution-point  required 

to  be'iTc  "  '  'ound 
the  me^d  (Fref'  '''' 
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C.  The  Concentration  of  Hydrogen  Ions.  -It  is  now 

well  known  that  the  simple  method  of  testing  the  reaction  of  a 
fluid  by  means  of  some  "  indicator  "  does  not  give  a  correct  idea 
of  its  real  acidity  or  alkalinity.  This  is  because  the  reagent  with 
which  one  titrates  is  entering  into  chemical  combination  with 
the  indicator  as  well  as  with  the  fluid  to  be  tested. 

Thus,  it  has  been  pointed  out  that  a  decinormal  solution  of 
sodium  carbonate,  being  partly  dissociated  (by  3-17  per  cent.), 
contains  as  many  hydroxyl  ions  as  a  0-00317  n  solution  of  soda, 
and  if  one  titrates  this  alkali  with  an  acid,  the  effect  of  addmg 
the  latter  is  to  bind  OH-  to  H",  when  the  equilibrium  is  at 
once  disturbed,  and  more  sodium  carbonate  dissociates.  These 
processes  wiU  occur  at  each  addition  of  acid,  until  all  the  carbon- 
ate has  become  dissociated.    By  this  time  as  much  acid  wiU 
have  been  used  as  if  the  carbonate  had  been  caustic  soda,  and 
one  would  be  led  to  suppose  that  the  alkalinity  of  a  decmormal 
solution  of  the  carbonate  was  the  same  as  that  of  a  decmormal 
solution  of  soda,  whereas  it  is  reaUy  the  same  as  a  0-00317 
solution     In  other  words,  we  have  been  ascertammg  how  much 
acid  is  needed  to  convert  aU  the  sodium  carbonate  present  mto 
NaCl  or  NaoSO^,  or  NaN03  according  to  the  acid  used,  whereas 
we  wish  to  know  how  many  free  OR-  ions  are  present.    In  the 
case  of  puncture-fluids,  at  any  rate,  it  is  the  number  of  free 
OH^  ions  which  impart  to  them  their  (as  it  were)  physiological 
alkalinity.    These  free  ions  have  been  caUed     actual  10ns, 
while  the  others  are  called  "  potential." 

It  is  obvious  that  in  the  case  of  puncture-fluids  the  number 
of  free  OH"  ions  per  litre  wiU  be  very  much  less  than  they  are 
L  a  decmormal  or  even  a  centinormal  solution  of  sodium  car- 
bonate In  fact,  if  we  take  the  number  of  grams  of  H  ion. 
present  m  each  htre  of  puncture-fluid  we  shall  find  it  to  be  only 
5  or  6  X  io-«  (i.e.  0-00000005  gm.  per  litre),  which  is  at  first 
sight  so  small  an  entity  as  to  be  negligible.  , 

The  quantity  is,  nevertheless,  of  very  great  importance  a. 
can  be  re^ily  shown  from  a  reference  to  the  ionic  concentra- 
"n  of  .I'tself.    In  the  case  of  water  there  is  very  httle 
dissociation  present,  and  there  is  a  definite  relation  between  the 
amount  of      and  OR-  which  is  expressed  by: 

C„+xCo„-  =  0-64x10-1* 
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where  0*64  x  io~^*  constitutes  the  "  dissociation-constant  "  for 

Gastric  Juice 

3. 'A  mid. 
Metkyl  Orange 


TropcBolin  000 
Tears 

Peritoneal  fluid 


Pancreatic"^ Juice 


Fig.  7.— Diagram  to  illustrate  the  meaning  of  the  term  "acidity." 


water  at  the  temperature  18°  C.    In  a  neutral  solution  C   —  C 
or  each  has  the  value  8  x  io-«,  while  in  acid  solution  C„  is 
greater  than  Co„  ;  m  alkaline  solution  less,  the  equation  holding 
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good  in  all  cases.    The  more  the  C„  preponderates  the  less  will 
be  the  Cuh- 

It  follows,  then,  that,  given  either  Ch  or  Coh>  one  can  calculate 
the  other. 

The  diagram  (Fig.  7)  has  been  devised  to  illustrate  these 
considerations  graphically.  The  curve  represents  the  varying 
concentration  of  H  ions  as  one  passes  from  a  highly  acid  solution 
at  A  to  one  which  is  alkaline  at  B.  In  this  curve  the  ordinates 
correspond  to  fractions  of  normal  solution  of  HCl,  and  it  will 
be  observed  that  as  one  passes  from  the  neutral  point  in  the  direc- 
tion of  A,  the  concentration  of  ions  in  terms  of  IQ-^  is  constantly 
diminishing,  though  the  curve  does  not  rise  much  from  the  hori- 
zontal. That  is  to  say,  the  distance  travelled  longitudinally 
becomes  greater  and  greater  with  each  increment  in  the  strength 
of  acid.  On  the  other  hand,  near  the  neutral  point  a  slight 
journey  to  the  left  means  httle  change  in  concentration  of  10ns, 
but  is  commensurate  with  a  considerable  loss  of  acidity,  because 
the  curve  rapidly  turns  down  to  the  zero-point.    At  this  pomt 

Ch  ==  CoH-  ,       .J       ,  , 

When  the  curve  has  passed  the  neutral  pomt  and  come=  to 

represent  an  alkaline  solution,  the  reverse  takes  place,  and  a 
small  distance  to  the  right  means  a  small  change  m  con- 
centration of  H  ions,  but  a  considerable  degree  of  mcrease  of 
alkalinity,  and  as  one  passes  towards  B  one  traverses  a  con- 
siderable distance  before  one  reaches  any  increase  m  the  strength 

of  alkah.  .     .  , 

Put  in  other  words  again,  the  stronger  the  acid  is,  the 
more  rapidly  does  the  concentration  increase  with  each  mcrement 
of  strength  :  the  stronger  the  alkaU  is,  the  more  effect  on  concen- 
tration of  OH  does  a  slight  increase  in  strength  of  alkah  produce. 
The  higher  the  curve  rises  above  the  line,  the  more  acid  is  the 
fluid,  while  the  lower  it  faUs  below  the  line  the  more  alkalmity 

does  it  represent.  , 
The  reaction  of  the  fluids  of  the  body  is  all  focussed  round 
the  "  neutral  point,"  with  the  sole  exception  of  the  gastric  juice, 
which  appears  well  on  the  left  end  of  the  curve  and  it  is  just 
Ibout  the  neutral  point  that  the  fluids  come  to  be  almost  com- 
pletely dissociated.    A  solution  of  HCl  which  is  so  weak  as  to 

*  Pancreatic  juice  wUl  be  well  on  the  right  end  of  the  curve. 
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be  nearly  neutral  may  be  looked  upon  as  completely  dissociated, 
so  that  its  ionic  concentration  is  exactly  the  same  as  the  gram- 
equivalent  of  H+.  The  position  of  the  various  fluids  which 
appear  in  the  table  on  page  133  is  indicated  on  the  curve  as  far  as 
the  size  of  the  drawing  permits,  and  the  degree  of  acidity  which 
is  necessary  to  produce  any  effect  on  the  common  "  indicators  " 
has  been  marked  on  the  curve  in  order  to  bring  these  con- 
ceptions more  into  line  with  the  old  conception  of  acidity  or 
alkalinity. 

We  now  come  to  the  curve  indicated  by  dotted  lines.  In 
this  case,  position  below  the  horizontal  line  means  relative 
diminution  of  Cqh,  and  when  the  curve  rises  above  the  line 
it  indicates  absolute  alkalinity  of  the  fluid.    It  will  be  at  once 
evident  that  the  further  we  go  towards  B,  the  greater  the  Coh 
and  the  less  the  €„,  since  the  Cqh  curve  is  constantly  rising 
and  the  other  faUing.     Just  as  a  slight  increase  in  acidity 
makes  the  curve  travel  a  long  way  horizontally  towards  A 
(corresponding  great  increase  in  concentration  of  H  ions),  so 
a  slight  increase  in  alkalinity  is  accompanied  by  a  very  great 
decrease  in  concentration  of  OH  ions,  since  the  curve  elongates 
m  exactly  the  same  way  in  the  other  direction.    When  we 
come  to  the  neutral  point  the  OH  curve  actually  passes  above 
the  Ime,  because  the  solution  is  definitely  alkaline,  and  with 
the  increase  in  alkalinity  the  Co„  curve  constantly  rises  higher 
and  higher  towards  infinity. 

The  only  substance  which  coincides  with  the  neutral  point 
IS  water,  and  it  is  at  this  point  that  the  two  curves  cross 
showmg  that  C„  =  Coh-  The  symmetrical  character  of  the 
curves  shows  that  the  product  C„  x  Co„  remains  constant, 
and  the  dotted  hues  drawn  between  the  two  curves  at  the 
various  points  representing  the  special  body-fluids  demonstrate 
their  reaction.  Thus  the  upper  limit  of  acidity  of  normal 
urme  is  mdicated  by  a  line  which  passes  from  the  C„  line  to 
the  Coh  line,  the  point  on  the  former  lying  as  much  above 
zero  as  does  the  corresponding  point  on  the  C^h  curve  lie 
below  it. 

The  varying  degrees  of  H+  ion  concentration  which  are 
necessary  before  given  "indicators"  will  react,  are  shoNvn  in  the 
foUowmg  scheme,  quoted  by  Hober  from  the  work  of  Saleesky 
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Indicator. 


Colour-change. 


Concentration  of  H  ions. 


Tropteolin  ooo 
PhenolphthaUin 
Curcuinin  W  ... 
Lacmoid 

/.-nitrophenol  ... 

Methyl  Orange 

Congo  Red 
Methyl  Violet  .., 


Orange  to  Red 

Red  

Red  

Blue  to  Red  ... 

Yellow 
/Yellow 
\Red  

Blue  

Violet 


0-  000063 
0174 
024 

!•! 

1-  8 

59-0 
50000 
17380 
41690-0 


This  table  shows  how  low  a  concentration  suffices  to  produce 
a  blue  coloration  with  lacmoid,  whereas  methyl  orange  is  turned 
red  with  a  concentration  of  3  x  lO"''. 

There  are  various  means  by  which  the  number  of  hydrogen 
ions  present  in  a  given  fluid  may  be  ascertained.  The  following 
are  the  most  important : 

Determination  of  Ch  and  C^^  by  the  Use  of  an  In- 
dicator Series.— The  observation  which  has  been  made  that 
different  indicators  vary  in  their  sensitiveness  to  acids  and  alkahs, 
so  that  the  colour  change  is  produced  only  by  a  definite  concen- 
tration of  H,  has  led  to  the  idea  that  a  scale  of  indicators  such  as 
is  given  in  the  table  will  enable  the  concentration  of  H  ions  in 
any  particular  fluid  to  be  estimated.    For  instance,  blood-serum 
will  not  redden  with  phenolphthalein,  so  that  it  must  contain 
at  least  o-i  to  O'sx  io-^H+,  a  value  which  agrees  with  that 
found  electrometrically.    In  the  case  of  fluids  which  are  so  highly 
coloured  that  one  cannot  use  an  indicator,  it  is  possible  to  make 
one's  observations  by  noting  the  disappearance  of  absorption 
bands  in  the  spectrum  (Fels).    In  the  method  of  Sir  A.  E.  Wright 
the  fluid  is  diluted  so  many  times  with  a  standard  solution  of 
acid,  until  the  mixture  ceases  to  redden  litmus  paper. 

The  Inversion  Method.— This  is  only  available  for  the  study 
of  gastric  juice.  It  depends  on  the  inversion  of  cane-sugar  by 
HCl  The  H+  acts  as  a  catalyst  and  undergoes  no  change  in 
the  process.  The  velocity  of  inversion  is  proportional  to  the 
concentration  of  the  free  H  ions,  and  the  reaction  is  a  mono- 
molecular  one.  The  polarimeter  is  used,  and  the  degree  ot 
rotation  observed  before  the  action  of  acid,  and  after.  The  ratio 
of  the  velocity  of  the  fluid  tested  to  that  of  a  standard  solution 
of  HCl  is  made  out  in  this  way.  This  method  has  already  been 
referred  to  in  Section  I.,  Sub-section  "  Ferments." 
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The  Methyl-acetate  Method  requires  no  complicated  ap- 
paratus, and  the  calculations  are  much  simpler.  Here  also  there 
is  a  catalytic  process,  and  is  only  applicable  to  such  a  strongly 
acid  fluid  as  gastric  juice.  A  given  quantity  of  fluid  is  incubated 
with  a  given  quantity  of  methyl  acetate,  a  similar  quantity  of 
n/2oHCl  being  treated  in  the  same  way  as  a  control.  After  four 
hours  each  is  titrated.  The  presence  of  neutral  salts  interferes 
with  this  reaction  (chlorides  and  nitrates  accelerate,  sulphates 
depress  the  velocity  of  reaction). 

The  digestion  of  egg-white  depends  for  its  velocity  on  the 
concentration  of  the  H  ions,  so  that  one  could  estimate  this  by 
noting  the  degree  of  digestion  (weight  before  and  after).  Here 
again  free  acid  is  essential  to  the  process. 

The  Dilatometer  Method.— This  method  is  unfortunately 
not  available  for  puncture-fluids  because  of  the  small  number  of 
OH-  ions  present,  and  is  uncertain  in  the  presence  of  neutral  salts, 
while  the  presence  of  ammonia  renders  the  method  useless 
because  it  enters  into  combination  with  the  acetone,  and  thus 
inhibits  the  velocity  of  reaction.  The  method  depends  on  the 
conversion  of  diacetone  alcohol  CR.  ■  CO  .  CH2 .  C(CH3)  •  OH  into 
acetone,  a  change  which  is  associated  with  an  increase  in  the 
volume  of  the  fluid. 

The  Diazoacetic-ether  Method.— Bredig  has  pointed  out 
that  this  method  forms  a  very  convenient  one  for  ascertaining  the 
concentration  of  the  H  ions.  When  in  contact  with  acid  the 
following  reaction  occurs  with  great  rapidity,  and  nitrogen  is 
hberated  (read  off)  : 

N, :  KG  .  CO.qn,  +  H,0  =  OH  .  H,C  .  CO.aH.,  +  N„ 

SO  that  the  progress  of  the  reaction  is  very  readily  watched.  Since 
the  velocity-constant  of  the  reaction  is  proportional  to  the  C„ 
It  becomes  a  very  useful  method,  and  is  quite  sensitive  even  at 
the  temperature  of  the  room.  This  reaction  is  also  monomolecular 
Bredig  states  that  it  will  measure  C„  even  in  ^.^tt  to 

dilution  with  exactitude  that  is       ^        cr^  I  T  " 

'^^'■'■^^'^^^y  tnat  IS  TTJoTjTToTTo  g^.  hydrogeu  per 
1,000  cc,  so  that  It  is  applicable  to  puncture-fluids 

It  IS  evident  that  these  methods  are  either  inapplicable  to 
puncture-fluids,  or  that  they  are  liable  to  be  rendered  inaccu  a  e 
by  the  presence  of  salt,  which  certainly  occurs-sometimes  i^ 
considerable  amount-in  these  very  fluids.  ^"^^^'"^es  m 


128 


STUDIES  IN  rUNCTURE-FLUIDS 


The  only  method  which  does  not  present  these  difficulties  is 
that  in  which  "  gas  chains  "  are  employed,  and  unfortunately 
labours  under  the  insuperable  objection  that  it  is  too  complicated 
and  lengthy  for  general  use.  However,  it  is  worthy  of  a  brief, 
consideration,  as  some  important  investigations  by  C.  Foa  have 
been  made  on  various  physiological  fluids  which  have  gone  far 
to  show  that  ionically  the  fluids  of  the  body  are  universally 
practically  neutral. 

The  Concentration-chain  Method.— Suppose  that  in  each 
of  two  small  vessels  containing  zinc  sulphate  solutions  (each  of 
different  strength)  there  is  placed  a  zinc  electrode.  In  each 
case  there  will  be  a  tendency  for  zinc  ions  to  pass  into  the 
solution.  This  happens  with  a  certain  force  depending  on  the 
concentration  of  the  zmc  sulphate  solution.  If  the  osmotic 
pressure  of  the  zinc  ions  in  the  solution  be  less  than  the  force 
with  which  ions  tend  to  leave  the  electrodes,  ions  will  pass  from 
electrode  to  solution,  while,  if  the  pressure  in  the  solutions  is 
greater,  the  reverse  will  occur,  and  if  the  two  forces  are  equal, 

nothing  will  occur. 

In  the  first  case  there  are  positively  charged  ions  passmg 
into  solution,  leaving  a  negative  charge  in  the  electrode  ;  in  the 
second  case  the  reverse  holds  good.  Therefore,  if  the  two 
electrodes  be  joined  by  a  wire,  and  the  two  vessels  be  joined  by  a 
tube  of  fluid,  a  current  wiU  pass  from  the  strong  solution  of  zmc 
sulphate  to  the  weak,  until  equilibrium  is  reached.  The  electro- 
motive power  of  this  current  will  depend  on  the  relative  strengths 

of  the  solutions.  . 

In  the  same  way  one  can  use  a  gas  chain  where  the  fluid  is, 
say,  strong  hydrochloric  acid  solution,  and  a  "  gas-electrode  "  * 
(e  g  hydrogen),  while  the  other  vessel  contains  a  weak  acid  and 
another  hydrogen  electrode.  A  current  will  again  pass,  whose 
force  depends  on  the  difference  in  the  strengths  of  the  two  flmds. 
The  ions  concerned  in  this  form  of  apparatus  are  hydrogen  ions 
instead  of  zinc  ions,  so  that  by  this  method  we  can  calculate  the 
concentration  of  the  hydrogen  ions.  Suppose  that  m  one  of  the 
vessels  there  is  a  shghtly  acid  fluid  (body-fluid),  and  m  the  othei 
known  strength  of  HCl,  we  can  calculate  the  acidity  of  the  fluid 
in  terms  of  hydrogen  ions.    If  we  deal  with  an  alkahne  fluid 

*  A  gas  electrode  consists  of  a  platinum  electrode  ^^^^ -'lilnded' 
black,  and  saturated  ^vith  a  gas.  with  which  the  electrode  is  also  .urrounded. 
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such  as  blood,  and  use  oxygen  electrodes,*  and  a  known  strength 
of  sodium  hydrate,  we  can  calculate  the  concentration  of  the 


hydroxyl  ions,  and  so  ascertain  the  degree  of  alkalinity.  The  use 
of  oxygen  electrodes  is  permissible  for  acid  fluids  also  when  we 
wish  to  determine  CO,,  in  an  acid  fluid. 

*  If  one  uses  oxygen  electrodes,  and  soda  solution  in  one  vessel  with 
hydroxyl  ions!''  '""^  concentration  ;f  the 
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Fig  8  will  explain  the  way  in  which  the  apparatus  is  set  up. 
The  gas  chain  is  seen  to  be  made  up  of  two  specially  shaped 
vessels  each  furnished  with  a  platinum  (or  gold— Foa  *)  electrode, 
coated'  with  platinum  (or  palladium)  black.    The  electrode  is 
either  fused  into  the  glass  or  fits  in  with  a  hermetic  glass  joint. 
The  vessels  are  joined  together  by  dipping  into  an  indifferent  fluid 
or  into  a  fluid  of  the  same  strength  as  the  standard  (o-Qi  n  HCl). 
The  second  vessel  contains  the  fluid  to  be  tested,  and  hydrogen 
gas  is  supposed  to  have  been  passed  in  till  the  electrodes 
are  covered  to  the  extent  shown  in  the  figure,  and  then  con- 
nections are  made  with  an  electrometer,  a  Wheatstone's  bridge, 
and  a  battery.  The  electromotive  force  can  then  be  determmed  by 
Poeeendorfi's  method,  and  compared  with  that  of  a  standard  cell, 
B     C  is  the  key  for  making  and  breaking  the  circuit  at  the  time 
of  the  observation,  and  A  is  the  movable  point  on  the  bridgcf 
There  are  many  forms  of  gas  chain  J  available,  the  modifica- 
tions  being  mainly  with  the  object  of  enabling  the  observations 
to  be  made  at  the  temperature  of  the  body.    This  aim  introduces 
many  complications  which  come  to  render  the  method  useless  for 
the  clinical  pathologist.    It  is  therefore  wiser  to  adhere  to  the 
room  temperature,  and  ignore  the  change  which  temperature 
will  necessarily  introduce.    At  the  same  time,  it  must  not  be  for- 
gotten that  because  two  given  fluids  show  the  same  C„  at  i8  U 
Ly  will  not  necessarily  show  the  same  at  37°-    In  other  words, 
it  would  not  be  safe  to  assume  that  because  any  ascitic  fluid  has 

*  -n-  -  =hr,wPf1  that  the  gold  covered  with  palladium  black  was  the 
Foa  showed  that  the  g  unfavourably  with 

dium.    But  the  latter  aasorobiuu  ,,,1,,^^     made  out  by  the  different 

S:X\"v:-.he  Sme  rTact  J  FrL..>  di<,  .vi.h  palladium  electrode,. 
C„  in  each  case  being  i  x  >°;'-  ;   „     „sistance  boxes 

""r^;..  a,°;t?' gls  cham  see„,  to  m.  to  be  more  advantageous  than 
a„y\n  lict  i'dTarubber  corl.s  are  integral  parts  „<  the  gas  cha.n. 
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a  concentration  of  7-8xio-«  at  18°  C,  which  a  given  specimen  of 
pleural  fluid  also  happens  to  have,  that  therefore  in  the  body,  and 
during  life,  they  are  identical  in  reaction.    Relative  accuracy, 
as  opposed  to  absolute  accuracy,  is  one  to  which  the  reader 
needs  to  become  accustomed  here,  as  everywhere  throughout  this 
work.    It  is  enough  to  say  that  if  the  distinction  between  the 
value  at  18°  and  its  significance  at  the  temperature  of  the  body 
be  remembered,  the  results  become  at  once  legitimate.  The 
most  important  objection  to  making  the  observations  at  37°  C 
however,  is  that  the  various  factors  which  enter  into  the  subse- 
quent calculation  of  the  value  C„  depend  on  measurements  which 
have  only  been  made  out  at  iS°  and  25°  C,  so  that  correction 
formulae  (always  to  be  avoided)  become  essential,  and  it  is  far 
from  certam  how  far  these  formulae  may  be  trusted 

The  procedure  in  an  actual  experiment  may  be  outlined  as 
follows  :  The  apparatus  being  connected  up  as  shown  in  the 
figure,  and  the  various  parts  being  prepared  for  use,*  the  commu- 

element.  The  movable  pomt  A  is  adjusted  until  a  momentary 
closure  of  the  circuit  at  C  produces  no  movement  of  the  colum^ 
of  mercury  in  the  electrometer.  The  reading  on  the  bridge  is 
then  noted,  and  the  ratio  ^ 

DE  ^E.M.F.  of  battery. 

E.M.F.  of  normal  element. 

Since  DE  is  1000  mm.,  E.M.F.  of  battery  =  of  normal  element. 

Ti,  DA  '  " 

The  commutator  is  now  altered,  so  that  the  gas  cham  is  in 
Cjrcu.t  and  the  movable  point  is  again  adjusted,  so  that  momentarv 
c  osure  of  the  arcu.t  at  C  produces  no  movement  of  the  coJ,  2 
of  mercury  m  the  electrometer.    The  ratio  again  holds  go^d  Id 

DE^^  E.M.F.  Of  battery 

or  substituting  the  symbol  .  for  the  E.M.F.  of  the  gas  chain 
and  msertmg  i,ooo  for  DE  as  before,  ^  ' 

n  ^jggOJLEJVIj;.  of  normal  element.. 
DA< 

_  DA' 

-  DAT  ^  ^-M-F.  of  normal  element, 

which  is  the  same  thing  as  saying  that  the  E.M.F.  of  gas 


STUDIES  IN  PUNCTURE-FLUIDS 


chain  :  E.M.F.  of  normal  element : :  resistance  of  gas  chain  :  re- 
sistance of  standard  cell. 

The  coupling  of  the  gas  chain  is  indicated  thus  : 

"NaCl  +  O-oi  «HC1  I  H 


H  j  Fluid  to  be  tested  j  g  NaCl 
tt' 

The  symbols  beneath  indicate  the  various  contact  potentials 
which  have  to  be  added  up  (algebraically)  in  computing  the  total 
E.M.F.  of  the  chain. 

However,  it  is  not  necessary  to  enter  into  the  details  of  the 
calculation  and  discuss  the  mode  of  introducing  tt',  tt",  tt'",  mto 
the  formula  : 

TT  =  0-OS75  log.  p-, 

which  will  enable  the  concentration  of  the  H  ions  in  the  given 
fluid  to  be  calculated,  provided  the  observation  is  made  at 
about  17°  C.t  C2  is  the  concentration  of  the  H  ions  in  the  solution 
of  o-oi  wHCl,  while  Ch  represents  the  desired  concentration  of  the 
fluid.    Or  we  may  state  that 

log.  Ch  =  log.  Cj  —    =  -  2  - 


0-0575  •OS75* 
If  desired,  the  result  obtained  in  this  way  may  be  controlled 
by  ascertaining  C„h  in  the  same  way,  using  oxygen  electrodes  m 
an  atmosphere  of  oxygen,  and  Q-oi  nNaOH  in  place  of  acid.T 
The  formula  already  given, 

Ch  =  CoH  =  0-8  X  lo-', 
will  enable  one  to  see  if  the  result  for  Ch  has  been  arrived  at 

correctly.  . 

A  reference  to  the  two  formul3e-(a)  one  for  estimatmg  , 
ib)  for  estimating  velocity  of  ferment-action-is  of  interest,  since 
the  graphic  representation  of  change  of  reaction  (acidity)  m  Fig  7 
shows  a  remarkable  resemblance  to  that  representing  the  velocity 

*  The  exact  strength  of  this  can  be  arranged  by  ascertaining  the 
strength  of  NaCl  which  has  the  same  conductivity  as  the  fluid  to  be  tes  ed 
but'Crocedure  greatly  lengthens  the  time  occupied  in  the  determmat.on 

°'      For  other  temperatures  the  formula  from  which  the  above  is  derived 

T^' iSrmust  not  be  the  same  as  those  used  for  the  acidity 
detel—  sin^ce  the  whole  of  the  O  or  the  H  -mo^^^^^^^^^^^^ 
and  mistakes  will  occur  in  the  subsequent  use  of  the  apparatus. 


PHYSICO-CHEMICAL  EXAMINATION 


of  ferment-action  (Fig.  3).  Comparison  of  the  two  formulae  shows 
that  while  one  has  several  symbols,  representing  constants,  the 
other  has  similar  constants  expressed  in  figtires.  The  rate  at 
which  a  fluid  alters  its  acidity  with  alteration  in  concentration 
follows  exactly  the  same  mathematical  law  as  does  the  change 
of  reaction  produced  by  the  agency  of  a  ferment.  This  is  rather 
a  suggestive  fact. 

The  following  table  shows  some  of  the  results  obtained  by 
C.  Foa.  The  first  column  of  figures  gives  the  E.M.F.  of  the  gas 
chain  in  volts,  the  second  column  gives  the  value  obtained  for 
log  Ch  from  this  tt,  and  the  third  column  gives  the  corresponding 
value  of  the  concentration  of  H  ions  in  terms  of  lor^  The 
remaining  columns  are  added  for  comparison  of  the  ionic  acidity 
with  that  shown  by  titration  (in  terms  of  potash),  since  these 
values  are  more  familiar. 

Table  showing  some  of  the  results  that  have  been  obtained 
by  study  of  the  hydrogen  concentration  of  fluids  (Foa). 


Fluid. 


EMF 
(volts). 


logCH 


Reaction  in 
terms  ol'KOH. 


Reactior 
as  given 
by 
Titra- 
tion. 


Indi- 
cator 
used  for 
Titra- 
tion. 


Water 

Blood-serum  (dog) 
Endocellular  Fluid 

Peritoneal  (horse) 
Pericardial  (horse) 
Cerebrospinal  (dog) 

Amniotic  Fluid  ... 

Aqueous  Humour 

(horse) 
Vitreous  Humour 

(horse) 

Bile   

Pancreatic  Juice... 


Urine  (human).., 


430,000 
n 


KOH 


KOH 


KOH 


n 

"50 


litmus 


900,000 


1,000,000 
n 

300,000 
n 


2,500,000 
n 


1,000,000 
n 

bcOjOoo 


HCI 


KOH 


HCI 


HCI 


HCI 


n 
10 


dimelhjl 

amido- 

azob. 
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The  most  conspicuous  result  of  this  kind  of  study  is  that 
practically  all  the  normal  fluids  are  at  the  neutral  point,  except 
the  secretions,  which  show  striking  deviations  from  the  rule. 
Urine,  for  instance,  is  moderately  acid,  gastric  juice  is  markedly 
acid,  and  pancreatic  juice  is  markedly  alkaline.  The  fact  that 
in  nephritis  the  urine  shows  a  very  much  higher  degree  of  ionic 
acidity  is  not  only  of  interest,  but  may  be  of  use  as  a  means  of 
clinical  pathological  research. 

Some  theoretical  considerations  on  the  reaction  of  blood- 
serum  which  have  been  entered  into  by  Hober  deserve  notice 
here  in  relation  to  the  reaction  of  puncture-fluids.  The  electro- 
lytes which  occur  in  such  fluids  are  either  strong  acids  combined 
with  strong  bases,  or  consist  of  strong  bases  combined  with  weak 
acids,  or,  lastly,  of  weak  bases  combined  with  strong  acids.  In  the 
first  cases,  hydrolysis  will  produce  an  acid  fluid,  and  in  the  other 
cases,  a  mixture  of  the  two  kinds  of  salt  in  varying  proportions 
would  produce  a  medium  which  was  either  alkaline  or  neutral. 
The  proteids  of  the  body-fluid  are  also  amphoteric  electrolytes, 
and  act  either  as  acids  or  as  bases,  according  to  circum- 
stances. Hober  has  pointed  out  that  it  is  a  great  advantage  to 
the  organism  to  have  these  various  groupings  of  acid  and  base, 
because  it  secures  a  possibility  of  addition  of  more  acid  or  more 
alkali  to  the  medium  without  any  corresponding  risk  of  an  actually 
acid  or  alkaline  mediiim  being  produced.  This  he  illustrates 
by  the  following  consideration  :  suppose  that  the  fluid  contains 
Na2  CO3  and  NH4CI,  then,  when  dissociated,  there  will  be : 

Na  +  HCO3  H  +  .  OH"NH,  +  CI" 

\/  \/ 

H,C03  NHpH 

H+  being  equal  to  OH-".  Addition  of  a  strong  acid  will  prevent 
the  dissociation  of  the  H2  CO3  and  liberate  OH"  by  acting  on  the 
ammonia,  so  that  the  fluid  will  remain  neutral.  The  more  weak 
acid  there  is,  and  the  more  free  weak  base  there  is,  the  more 
rapidly  will  the  addition  of  acid  or  alkali  be  prevented  from 
disturbing  the  equilibrium.  The  fact  that  according  to  Frieden- 
thal  70  times  as  much  soda  has  to  be  added  to  blood-serum  as 
to  water  in  order  to  produce  the  same  colour-change  with  phenol- 
phthalein,  and  that  327  times  as  much  acid  has  to  be  added  to 
produce  the  same  colour-change  with  methyl  orange  shows  how- 
great  the  adaptability  of  the  blood-serum  is  to  the  variations 
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in  reaction  which  might  be  produced  by  disorders  of  metabolism, 
and  of  course  the  same  applies  to  transudates  and  especially  to 
exudates. 

The  reflection  in  an  exudate  of  the  physico-chemical  characters 
of  the  blood-serum  justifies  a  brief  reference  to  Pfaundler's  work. 
He  showed  that  in  children  the  serum  is  practically  neutral, 
while  with  advancing  age  the  reaction  becomes  more  and  more 
alkaline  ;  on  the  other  hand,  the  alkalinity  reaches  a  high  degree 
if  an  infant  suffer  from  chronic  nutritive  disease.  The  presence 
of  OH-  is  necessary  to  many  of  the  phenomena  of  vital  processes  ; 
the  deficient  OH"  content  of  the  blood  of  the  infant  must  there- 
fore have  some  relation  to  the  inactivity  of  their  ferments.  Again, 
the  fact  that  arterial  blood  is  much  richer  in  OH^  *  throws  some 
light  on  the  function  which  the  trace  of  free  OH"  plays  in  normal 
vital  processes 

The  results  of  Benedict's  study  of  the  OH"  content  in  the 
blood  of  diabetes  lead  one  to  think  that  the  coma  of  diabetes 
is  not  due  to  the  presence  of  acid  in  the  blood  so  much  as  to 
variations  in  the  equilibrium  mechanism  already  mentioned, 
while,  on  the  other  hand,  the  possibility  of  acid  being  masked  by 
this  mechanism  renders  it  difficult  to  draw  conclusions. 

D.  Viscosity. — Recent  months  have  witnessed  the  introduc- 
tion of  a  number  of  new  forms  of  viscosimeter,  designed  to  provide 
the  clinician  with  a  type  of  instrument  which  is  much  more  handy 
and  easy  of  manipulation  than  that  hitherto  available  (Ostwald's). 
Of  these  new  instruments,  it  is  proposed  to  describe  that  of  Hess, 
as  from  practical  experience  it  has  been  found  to  fully  answer  all 
the  needs  of  the  clinician,  being  simple,  rapidly  used,  and  small 
in  bulk.  This  instrument  has  been  employed  in  the  examination 
of  the  cases  in  the  Leeds  General  Infirmary. 

The  viscosimeter  of  Hess  consists  of  two  capillary  tubes,  a  and 
^  (Fig-  9))  of  like  bore  and  length,  coupled  together  at  one  end  by 
a  T-tube,  e,  to  which  a  hard  indiarubber  ball,  g,  is  attached.  This 
ball  can  be  used  for  either  suction  or  expulsion  of  air  ;  by  means 
of  closing  the  hole  at  g'  with  the  finger  ;  fluid  in  a  (water)  can  thus 
be  drawn  through  at  the  same  time  as  a  fluid  (the  material  to  be 
tested)  in  c.  By  observing  the  distance  through  which  the  water 
has  passed  during  the  time  that  the  fluid  to  be  tested  passes  from 

*  Hober. 
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one  arbitrary  mark  to 
another,  the  rate  of 
flow  of  the  latter  is 
compared  with  that 
of  the  water. 

It  will  be  seen  from 
the  diagram  that  the 
capillary  tube,  a,  leads 
into  a  wide  tube,  b, 
which  is  provided  with 
a  tap,  /,  before  it  joins 
the  T-piece.     In  the 
same  way  the  capillary 
tube,  c,  is  continuous 
with  a  wide  tube,  d,  o{ 
the  same  diameter  as 
h.     This   tube,  how- 
ever, has  no  tap.  It 
will   also  be  noticed 
that  there  is  a  wide 
tube,  h,  joined  on  to 
the  capillary,  a.  This 
is  simply  a  reservoir 
for  the  water  which  is 
used  for  comparison, 
and  is  undetachable. 
On  the  other  hand,  the 
tube,  h,  which  fits  on 
in    a  corresponding 
situation,    is  readily 
detachable,  and  is  used 
to  receive  the  fluids 
to  be  examined.  A 
large  number  of  these 
tubes    ai-e  supplied 
with  the  instrument, 
so  that  a  new  clean 
one  can  be  used  for 
each  new  case. 

The  thei-mometer 


PHYSICO-CHEMICAL  EXAMINATION 


serves  as  a  convenient  means  of  reading  the  temperature  exactly 
at  the  time  of  the  observation. 

Method  of  Procedure. — The  ammonia  which  lies  in  the  system, 
cd,  is  expelled  by  the  use  of  the  bulb,  and  air  is  blown  through  for 
a  few  moments,  in  order  to  dry  the  capillary.  The  stopcock,  /, 
is  now  opened,  and  the  position  of  the  latter  column  adjusted 
until  it  stands  at  zero.  Turning  off  the  tap  and  applying  the  tube. 
h  (containing  the  fluid  to  be  examined),  to  the  free  end  of  tube,  c, 
takmg  care  that  no  air-bubble  intervenes,  suction  is  applied  until 
the  column  of  this  fluid  is  on  the  zero  of  the  corresponding  scale. 

The  tap  is  once  more  opened,  and  the  two  fluids  drawn  on 
by  an  appropriate  suction,  the  tube  d  being  carefully  watched  so 
as  to  stop  the  suction  as  soon  as  the  fluid  reaches  mark  i.  The 
reading  of  the  water  column  is  now  taken,  as  also  the  tempera- 
ture. If  desired,  the  fluid  may  now  be  drawn  up  to  mark  2,  and 
a  second  reading  taken,  but  this  is  not  usually  necessary. 

This  done,  the  two  fluids  are  forced  back  till  the  water  is  once 
more  at  zero,  when  the  tap  is  turned  off  and  the  other  tube  is 
entirely  emptied.  Strong  ammonia  is  then  at  once  used  for 
washmg  out  this  tube,  and  unless  a  second  experiment  is  about  to 
be  undertaken  at  once,  some  clean  ammonia  is  left  in  the  tube. 

A  httle  experience  with  the  instrument  would  soon  show  that 
unless  there  is  plenty  of  fluid  in  tube  h,  there  would  be  very  great 
risk  of  havmg  the  fluid  suddenly  shot  into  the  reservoir  e,  owing 
to  the  capillary  having  been  passed  before  the  advancing  edge 
of  the  flmd  has  reached  either  mark.  The  capillary  must  be  fuU 
right  up  to  the  time  that  mark  i  or  even  mark  2  has  been  reached 
by  the  fluid  To  ensure  this,  the  httle  tubes,  h,  provided  should 
be  qmte  filled  before  they  are  applied  to  the  free  end  of  capillary  c 
It  IS  essential  that  the  instrument  be  kept  scrupulously 
clean,  so  that  the  fluid  being  examined  should  not  be  allowed 
to  remain  any  longer  within  the  tube  than  is  absolutely  neces- 

hvTi,      /%       ^^^''^''^^  tube  occasionally 

by  the  aid  of  strong  nitric  acid. 

with-it'  P'^r'^T'  ""''^'^       •        ^^^di^g^  be  taken 

sTouli  bf'  r^^.  "^^"^^^"^  t-be.    The  water 

hould  be  replaced  from  time  to  time.     The  free  end  of  the 

lubriLTd  "  be  gently 
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The  Theory  of  the  Instrument* — When  a  fluid  travels  through 
a  narrow  glass  tube  the  particles  which  are  nearest  the  glass 
move  more  slowly  than  do  the  particles  in  the  centre  of  the  flowing 
stream,  and  the  velocity  of  the  particles  will  be  greater  the  farther 
they  are  from  the  walls  of  the  tube.    The  eflfect  of  the  different 
velocities  of  the  various  particles  according  to  their  position 
within  the  stream  of  fluid  is  that  the  more  slowly  moving  particles 
tend  to  retard  the  velocity  of  the  more  quickly  moving  particles 
next  to  them,  which,  however,  are  at  the  same  time  accelerated 
by  the  action  of  the  layer  still  more  internal  (which  is  moving 
still  faster).    Each  particle  of  fluid  is  under  two  forces,  one 
accelerating  and  one  retarding,  and  the  balance  of  the  two  forces 
is  shown  as  the  viscosity  of  the  fluid. 

If  the  fluid  be  escaping  from  a  long  narrow  tube  of  radius  r 
and  length  1,  the  coefiicient  of  velocity  -q  will  be  given  by  the 
formula, 

Trpr^ 

where  V  is  the  volume  of  the  liquid  which  escapes  in  one  second 
of  time,  and  p  is  the  difference  of  pressure  between  the  two  ends 
of  the  tube. 

This  formula  affords  a  very  convenient  method  of  estimatmg 
the  viscosity  of  a  fluid,  for  in  Hess's  instrument  we  have  two 
tubes  of  given  length,  1,  and  of  given  radius,  r,  and  we  subject  the 
fluid  in  each  tube  to  the  same  pressure,  p,  during  a  constant  twie. 
The  difference  in  coefficient  of  viscosity,  n,  in  the  case  of  water 
and  that  (V)  in  the  case  of,  say,  ascitic  fluid  will  be  expressed  by 
the  ratio  : 

sTv"  _  V,^ 
TTpr^  "  V 
81V, 

That  is  to  say,  the  volume  of  fluid  which  passes  through  the  tube 
containing  the  ascitic  fluid  is  to  the  volume  of  water  which  passes 
through  the  tube  as  the  viscosity-coefficient  of  the  water  is  to 
that  of  the  ascitic  fluid.  In  the  instrument,  it  amounts  solely 
to  a  determination  of  the  volume  of  water  which  has  passed 

*  The  inventor  of  the  mstrument  has  published  ^-^^^^^  [i;^;^ 
theory  in  a  journal  unfortunately  inaccessible  to  me.  but  .t  is  not  difficult 
to  work  out  the  mathematics. 
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through  while  the  fluid  to  be  examined  passes  from  scale  mark 
0  to  T.  Taking  water  as  i,  we  now  know  the  fluid  viscosity  of 
the  fluid  as  compared  with  the  water. 

If  we  refer  to  the  theory  of  the  ordinary  viscosimeters  which 
are  available,  we  find  that  the  viscosity  is  measured  by  noting 
the  time  which  is  occupied  by  the  passage  of  a  given  quantity  of 
fluid  from  one  mark  Lo  the  other.  In  this  case  the  time  is  a  vari- 
able and  the  volume  a  constant.  However,  it  will  be  admitted 
that  it  is  much  easier  to  measure  off  a  volume  than  it  is  to  measure 
off  so  many  seconds  or  fractions  of  a  second — which  necessitates 
the  possession  of  a  stop-watch. 

In  this  case  the  formula  becomes  : 

St 
S|ti 

where  77  is  the  coefflcient  of  friction  of  the  fluid  to  be  tested,  s 
is  its  specific  gravity,  is  the  coefficient  of  friction  of  the  fluid 
with  which  it  is  to  be  compared,  and  Si  is  its  specific  gravity  ; 
t  and  ti  are  the  flowing  times  of  the  two  fluids  in  seconds.  Now, 
as  it  stands,  this  formula  demands  the  determination  of  the  specific 
gravity  of  both  the  fluid  to  be  tested  and  a  standard  fluid  ;  and 
it  requires  a  loiowledge  of  the  coefficient  of  viscosity  of  the 
standard  and  a  correct  observation  of  the  times  of  flow. 
Freshly  distilled  aniline  has  been  found  to  be  practically  equal 
in  viscosity  to  that  of  blood,  so  that  if  anihne  be  used, 

t      •      .  t 

'/  =  Vi  ~,  or  Ignoring  jj„  j;  =  - 
ti  t, 

which  means  that  one  is  always  comparing  the  fluid  with 
anilme— a  very  artificial  standard. 

There  is  only  one  other  point  to  consider,  and  that  is  the 
influence  of  temperature  on  viscosity. 

Water  at  0°  C.  has  a  coeffjcient  of  viscosity  of  0-0178  eg  s.  units 

"      \°       "  "  .-  00131 

"      30      ,,  „  „  o-oo8i  „ 

Obviously  one  can  avoid  the  necessity  for  correction  for  tem- 
perature .by  always  studying  the  viscosity  at  the  same  tempera- 
ture, as  could  be  arranged  by  the  use  of  a  water  or  air  bath  But 
It  IS  more  convenient  to  dispense  with  this  and  correct  for  results 
afterwards  since  the  temperature  of  the  room  may  be  maintained 
correct  withm  smaU  fluctuations. 
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On  the  other  hand,  water  will  not  be  influenced  by  tempera- 
ture to  the  same  extent  as  would  the  viscosity  of  a  fluid  such 
as  a  body  fluid.  Hess,  however,  made  out  from  a  number  of 
experiments  that  there  is  not  a  greater  variation  than  4  per  cent, 
within  5°  above  or  below  17°  C.  Every  degree  difference  from 
17°  requires  a  correction  of  0'8  per  cent. 

From  a  large  number  of  observations  published  by  Hess,  the 
blood  from  different  cases  showed  the  following  variations  in 
viscosity : 

Normal  Blood    5"°  to  5-4 

Chlorosis    ...   4'4 

Carcinoma  Uteri   3'2 

Tubercle   4  9S>S'I5>54 

Pleurisy      ...       ...       .••       •••  5'^ 

Peritonitis  Traumat  5'8 

Tubercular  Meningitis  with  Coma     7  65 

The  following  table  (XIV.)  shows  the  results  of  examination 
of  various  puncture-fluids  by  this  method.  It  has  been  found 
that  the  higher  the  albumen-content,  the  higher  the  value  for  the 
viscosity,  so  that  in  exudates,  as  a  rule,  the  viscosity  is  greater 
than  in  transudates.  As  might  be  expected,  ovarian  cyst  fluids 
and  purulent  fluids  have  a  greater  viscosity. 

According  to  Rossi,  the  viscosity  of  blood-serum  runs  parallel 
with  the  conductivity.  AscoH  came  to  think  that  the  variations 
of  conductivity  met  with  in  sera  of  different  degrees  of  alkalmity 
might  be  due  to  variations  in  the  viscosity  of  the  sera,  although 
an  assumption  of  formation  of  albumen-salt  compounds  would 
afford  a  more  satisfactory  explanation. 

Herz  found  that  the  viscosity  exerts  an  influence  on  the 
velocity  of  enzymatic  reactions,  and  that  the  velocity  of  reaction 
is  an  exponential  function  of  the  viscosity. 

An  apphcation  of  the  use  of  viscosity  for  estimatmg  the 
amount  of  pepsin  has  been  referred  to  in  the  precedmg  section. 

E  Refractometry.— The  study  of  the  refractometnc  charac- 
ters of  various  fluids  has  led  to  results  which  are  not  only  mte- 
resting  but  of  value  in  the  differential  diagnosis  of  the  nature  ot 
fluids  The  appliances  necessary  for  the  work  are,  howevei, 
too  expensive  to  enable  the  method  to  be  widely  used  Smce  the 
subject  is  mainly  of  interest  in  the  differential  diagnoses  o 
exudates  from  transudates,  the  description  of  the  results  obtamed 
has  been  placed  in  Section  IV. 
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SECTION  III 


THE  CHARACTERS  POSSESSED  BY  VARIOUS 
PUNCTURE-FLUIDS 

Contents  —The  lymph— Pus— Pleural  fluids— Peritoneal  fluids-Opales- 
cent or  turbid  effusions  —  E ffect  of  repeated  tapping  —  Chyle — 
Pericardial  fluid  -  Synovial  fluid  -  Hydrocele  fluid -Aqueous 
humour-Amniotic  fluid-Cerebrospinal  fluid-Cysts  :  ovarian,  pan- 
creatic, thyroid,  liver,  kidney,  spleen,  lymphatic,  lacteal,  parotid, 
bone,  spermatocele,  hydatid. 

Having  passed  in  review  the  main  methods  by  which  the 
analysis  of  puncture- fluids  may  be  accomplished,  we  have  now 
to  describe  the  chemical  and  other  characters  of  each  of  the 
classes  of  fluid  which  may  be  met  with.  The  close  resemblance 
which  ordinary  lymph  bears  to  the  fluids  which  are  poured  out 
into  serous  cavities  as  a  result  of  back-pressure,  for  mstance, 
renders  it  advisable  to  prelude  the  description  of  special  fluids 
by  one  of  the  main  characters  of  lymph,  in  so  far  as  they 
concern  us. 


THE  LYMPH 


This  alkaline  fluid  varies  considerably  in  composition  accord- 
ing to  the  part  of  the  body  from  which  it  is  collected  and  accordmg 
to  the  state  of  nutrition,  besides  being  influenced  in  other  ways 
(blood-pressure,  digestion,  etc.).  We  are  chiefly  concerned  with 
the  amount  of  proteid,  and  perhaps  especiaUy  with  the  moi"- 
ganic  constituents.  An  analysis  by  Giibler  and  Ouevenne,  quoted 
by  Hammarsten,  to  which  I  have  added  some  other  records, 
gives  : 
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Water   939-9  % 

Solids:   6o-i       (may  drop  to  35  during  fasting*) 

Total  nitrogen    0'i2%f 

Fibrin        ...        ...        ...  0*5 

Albumen   427      (albumen  :  globulin  =  2  4  or  4  :  i ) 

Fat,  cholesterin,  lecithin...  3-8 
Extractives:  .xanthin,  hypo- 

xanthin,  guamin,  leucin, 

uric  acid,  tyrosin        ...  57 

Salts    y-< 

Naci   ;;;  r-83 

Na,CO„    2-17 

K,HPO,    o-i8 

Ca,(POJ   0-28 

Mg,(PO,).,    0-09 

■  FePO^   0-025 

The  following  ratios  are  worthy  of  notice  :  = 

achlorides 

2-I-:?  :  I    11^^  _  TO       ■  T    Qnri  carbonates      ^  „ 

3     I,  p       -10  22 .  I,  and  =  3-83  :  L  as 

they  show  that  though  chlorides  are  abundant,  they  may 
not  be  very  much  in  excess  of  the  carbonates  or  achlorides, 
while  carbonates  are  the  most  conspicuous  of  the  achloride 
salts. 

The  gases  found  in  the  case  of  a  dog  t  amounted  to  37-4 
to  53  per  cent.  CO^,  and  i-6  per  cent.  N  (at  N.T.P  )  the  CO 
being  mostly  "  fixed."  '  ^ 

_  The  other  constituents  of  lymph,  such  as  would  be  obtained 
in  puncture  of  the  legs  in  cases  of  dropsy,  are  apparently  similar 
to  those  of  the  serum,  and  will  vary  greatly  according  to  the 
disease  causing  the  dropsical  accumulation.  Thus,  the  specific 
gravity  varies  from  1005  to  loii,  the  amount  of  proteids  is 
generally  less  than  i  per  cent.,  and  is  less  in  cardiac  than 
ui  renal  dropsies.  Blister  fluid  will  become  solid  on  boiling 
however.  °' 

The  /fl^content  rises  greatly  during  starvation  (1-4  per  cent 
instead  of  075  to  0-85). 

The  proteid-quotient  in  a  case  of  cardiac  dropsy  was  3-25  and 
m  a  case  of  renal  dropsy  2-35  §■  The  globulin  is  increased  in 
renal  dropsy. 

Urea  is  often  fairly  abundant  (i  to  2  per  cent.). 

*  Munk  and  Rosenstein. 

t  Pickardt. 

+  Hammarsten. 

§  From  analyses  made  by  Halliburton. 
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The  osmotic  concentration  of  such  a  fluid  varies  greatly,  being 
often  less  than  that  of  the  blood,  especially  in  cases  of  cardiac 
disease,*  where  the  freezing-point  depression  is  0-54°  C,  while 
in  renal  cases,  as  one  would  expect  from  the  retained  salts,  the 
osmotic  concentration  is  greater  than  that  of  the  blood  (freezing- 
point  depression  =  0-57"  C).  In  a  case  of  dropsy  due  to  cirrhosis 
of  the  liver,  the  fluid  from  the  legs  had  a  freezing-point 
depression  of  0-557°  C. 

The  nitrogen-content  of  dropsical  fluid  is  of  considerable 
interest,  especially  in  cases  of  renal  disease.    Estimation  of  the 
nitrogen  which  is  not  bound  in  the  proteid  molecule  ("  filtration- 
nitrogen  "  of  V.  Noorden),  and  is  mainly  (80  per  cent.)  composed 
of  urea,  shows  that  there  is  a  relation  between  the  filtration- 
nitrogen  of  the  dropsical  fluids  and  that  of  the  blood,  and  that 
the  filtration-nitrogen  in  renal  disease  is  much  greater  than 
that  of  health,  especially  if  uremia  is  impending  or  actually 
existent.    To  this  statement  the  ever-present  exceptions  wiU  be 
found,  and  ursemic  cases  may  show  no  unusual  amount  of 
filtration-nitrogen.     However,  the  general  rule  is  to  find  an 
excess  of  this  nitrogen  stored  in  the  tissues,  and  in  a  case  of 
chronic   nephritis    v.    Noorden   found   the    following  daily 
variations  : 


Filtration-Nitrogen  in  Renal  Disease 


Date. 

Right  Leg. 

Left  Leg. 

Remarks. 

June  26 
„  27 

July  23 
M  24 

Aug.  26 

Sept.  27 

0-0928% 

00897 

0-0716 

00 1 44 

0-0748 

0-084% 
00792 

0*07 10 

Uraemia 

and  that  as  much  as  70  grams  of  nitrogen  could  be  stored  up  m 
the  dropsical  fluid  within  five  days,  so  that  the  subcutaneous 
tissues  form  a  very  e^^ective  depository  for  waste  nitrogen.t 
Such  a  change  would  escape  a  cryoscopic  and  filtration-nitrogen 


t  ReScfto  these  observations  is  made  in  order  to  draw  attention 
to  the  relation  between  the  subject  of  this  work  and  the  study  oi 
metabolism. 
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determination  of  the  blood,  and 
account  in  part  for  erroneous 
results  in  diagnosis  of  functional 
renal  disease  by  the  cryoscopic 
method. 

We  may  therefore  find  much 
urea,  uric  acid,*  and  chlorides 
stored  up  in  dropsical  fluids  of 
nephritis,  and  glucose  may  also 
occur  to  the  extent  of  0-05 
to  0-15  per  cent,  (apart  from 
diabetes). 

Electrochemical  examination  of 
lymph  shows  that  it  has  a  shghtly 
acid  reaction  : 

TT  log   Ch  Ch  X  10~^ 

•0729  —  6'oo65  98  "52 

The  special  observations  shown 
in  the  table  on  this  page,  have 
been  made  on  cases  in  the  Leeds 
General  Infirmary. 


PUS 

The  chemistry  of  pus  affords 
an  explanation  of  the  properties 
of  certain  exudations  ;  the  physical 
properties  need  no  comment. 
When  pus  has  an  acid  reaction, 
this  may  be  ascribed  to  the 
presence  of  lactic  or  of  glycero- 
phosphoric  acid. 

Hoppe-Seyler  gives  the  com- 
position of  pus-cells,  and  I  have 
added  marginal  notes  from  other 
authors. 

*  -006  to  -009  per  cent.  (Pickardt). 


1 1  >: 

CO  - 

b  b 

ix. 

Total 
concen- 
tration of 
electro- 
lytes 
(v. -(-viii.) 

00  0 

CO  0 

01  CT> 
M  N 

viii. 
No.  of 
molecules 
+  ions  pro 
litre  of  a 
solution  of 

NaoCOj 
witS  con- 
ductivity in 
column  vii. 

CO  0 

to  On 
VO  ON 
P  p 

vii. 

Conduc- 
tivity of 
achlorides 
(v.- vi.). 

vi. 

Condur- 
tivity 
0/  ii. 

0  u-i 

0  NO 

-  00 

v. 

Specific 
conduc- 
tivity 
of  fluid 
corrected 

0  fO 
N  On 
00 

iv. 

No.  of 
-f  ions 

2 

f<5  On 
N  « 

iii. 

Degree 
of  disso- 
ciation 
"a." 

qp  qp 

ii. 

Fluid 
contains 
chlorine 
g.  aeq. in 

litre. 

00 

N  N 

Nature  of  case. 

Fluid  from  leg  in  renal  case  with  Cirrhosis 
ofLiver  ... 

Fluid  from  leg  in  Atrophic  Cirrhosis  of  Liver... 

ro 
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Protcids 


137  %  (mostly  nucleo-albumen  ;  also  albumose,  peptone 
and  fibrin  ferment  *) 


Nuclei  n   34"26 

Insoluble  substance  20-56 
Lecithin    ...       ...  7'5 

Fats  and  soaps    ...  7-5 
Cholesterin         ...    7 '4 
Cerebrin    ...        ...  ^'2 

Extractives         ...  4-4 
Glycogen  in  living  pus-cells 
Salts — Miescher  gives  : 

Potassium  phosphate 

Sodium  phosphate 

Earthy  phosphates  and  iron  phosphate 

NaCl   

Organic  phosphates 


(also  pyosin  and  pyogenin  f ) 
(xanthin  bodies;  leucinj) 


12 
6-1 
4-2 
I  "4 

3-14  to  2-03 


parts 


As  bearing  on  the  differential  test  fully  described  in  Section 
IV.,  attention  may  be  directed  to  the  salts  of  pus-ceUs.§  The 

1-4. 


ratio  of  chlorides  to  achlorides  is  — 

25  4 


I  :  18,  and  the  potas- 
sium salts  forms  by  far  the  larger  proportion  of  the  achlorides. 
The  exact  composition  varies,  however. 

In  tuberculous  abscesses  there  will  be  found  leucin,  tyrosin, 
free  fatty  acids,  volatile  fatty  acids  (formic,  butjnric,  and  valeri- 
anic), and  urea. 

The  serum  of  pus  is  similar  to  that  of  the  blood,  though  its 
relative  bulk,  as  compared  with  the  volume  occupied  by  the 
pus-cells,  is  small ;  the  result  is  that  the  composition  of  the  latter 
wiU  have  much  influence  on  the  total  composition  of  the  pus. 
Hoppe-Seyler  gives  : 


Water  

Solids  

Organic  solids  ... 

Proteids  

Lecithin 

Other  organic  matters . 
Inorganic  salts  ... 
NaCl   


913-7  -905-6 
86-3  —  94-35 
78-57—  86-58 
62-23—  77-21 

1-  5  —    0  56 1 
14-84—  8-8i, 

2-  51—  2-3S 
5-22—  5-39 


•NaCl 

Na.SO, 

Na.;HPO, 

NaXO, 

Caj'CPO^), 


5-  22 
0-40 
0-98 
0-49 
0-49 

6-  19 


The  amount  of  lecithin  may  be  noted,  in  reference  to  its 
appearing  in  certain  inflammatory  effusions. 

*  Halliburton. 

•f  Kossel  and  Freytag. 

t  Frankel.  .  , 

§  I  am  indebted  to  Prof.  B.  Moore  for  directing  my  attention  to  the 
composition  of  the  inflammatory  ceUs,  which  will  explain  the  electrolytic 
character  of  exudates  as  compared  with  transudates  (Section  I\ .). 
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The  salt  ratios  may  again  be  referred  to 
carbonates 


chlorides   


total  salts 


--  1 :  1-4. 


  chlorides 

•  10  7  achlorides 


2  :  I. 


chlorides 

The  pigments  in  pus  are  separable  by  ether  and  are  due  to 
micro-organisms.  Crystalline  pigments  are  met  with,  and  also  a 
yellow  pigment  (pyoxanthin).* 

The  osmotic  concentration  is  usually  high,  being  consider- 
ably above  that  of  the  blood.  In  a  case  of  pyopneumothorax, 
for  instance,  I  found  a  freezing-point  depression  of  0'867  (osmotic 
concentration  0'468),  and  in  the  accompanying  list  are  observa- 
tions by  Zangemeister,  who  noticed  that  bacterial  growth  in- 
creases the  osmotic  concentration.!  This  would  satisfactorily 
explain  the  high  concentration  of  pus.  Sterile  pus  will  be 
isotonic  with  the  blood,  v.  Rzentkowski,  however,  attributed 
the  high  freezing-point  depression  to  the  presence  of  the  pus- 
cells. 

Osmotic  Concentration  of  Pus 


Nature  of  Case. 

Freezings-point 
Depression. 

Osmoiic 
Concentration.'^ 

Pressure  in 
Atmosphere^.* 

Pneumonic  Empyema... 
Tubercular  „ 

,,          (three  other  cases) 

Psoas  Abscess  

It 

Puerperal  Peritonitis  

Mastitis 

,,      (recent  abscess) 
Empyema  (Herzfeld)  

•684° 

•828 

•840 

•539 
•580 
•642 
•586 
709 

•47  and  -55 

•369 
•447 

•454 

■290 

•313 
•346 
■316 
■383 

•254  and  -297 

8-2 
99 
lO'I 

6-5 

6-  9 

7-  7 

7-  0 

8-  5 

5-6  and  6  6 

*  These  values  are  my  own. 

A  case  of  empyema  %  examined  gave  the  following  results  : 
specific  gravity  1025,  albumen  3  percent.,  chlorides  1-4  per  cent., 
concentration  of  electrolytes  -092,  of  achlorides  -068.  Globulin 
was  abundant.  Urea  and  glucosamin  were  not  found.  The 
ferment-content  is  recorded  in  another  place. 

In  another  case  of  empyema  which  was  examined,§  the  fluid 
contained  2-45  per  cent,  chlorides,  8  per  cent,  proteid,  and  had  a 

*  Fordos  and  Liicke. 

t  Herzfeld  denies  that  the  molecular  conceatration  is  usually  increased 
by  Bacilli  coll,  staphylococci,  or  Bacilli  tuberculosis. 
X  Register  No.  7334  (Leeds  General  Infirmary). 
§  Reg.  No.  8349. 
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specific  gravity  of  1022.  Urea  was  present  in  large  amount,  but 
purins  could  not  be  found.  Protalbumose  and  hetero-albumose 
were  present.  The  tryptophane  and  glucosamin  radicles  were 
not  identified. 

PLEURAL  AND  PERITONEAL  FLUIDS 

The  similarity  in  the  physical  and  chemical  characters  of 
these  two  fluids  will  make  it  more  convenient  to  consider  them 
together.  Those  properties,  which  enable  the  pleural  and  peri- 
toneal exudates  to  be  distinguished  from  the  transudates,  will 
be  found  dealt  with  fully  in  Section  IV. 

These  fluids  are  generally  alkaline  and  of  straw- yellow  colour. 
The  brown-stained  fluids  usually  owe  this  character  to  the 
presence  of  blood,  but  in  some  cases  haemoglobin-colouring  is 
met  with  (familiar  in  tuberculous  and  carcinomatous  effusions). 
An  intensely  blood-stained  fluid  was  recently  met  with  in  a 
purely  cardiac  case.* 

Pleural  fluids  from  cases  of  new-growths  of  the  pleura  are 
well  known  to  be  frequently  haemorrhagic,  and  they  may  become 
darker  in  colour  the  more  frequently  they  are  tapped— up  to  a 
certain  point,  after  which  they  become  paler  f  (see  also  the 
cytological  characters  of  these  fluids,  Section  V.).  Probably 
this  phenomenon  is  due  to  the  relief  of  tension  on  the  delicate 
tumour  vessels. 

Sometimes  there  is  a  peculiar  opalescence,  or  even  actual 
mflkiness,  a  feature  which  calls  for  special  consideration. 

The  odour  and  colour  of  a  fluid  give  some  indication  as  to  the 
bacterial  infection  in  a  given  case  of  peritonitis. 

We  may  compare  the  composition  of  pleural  with  that  of 
peritoneal  fluids  (transudates). 


Pleural 
(C.  Schmidt). 

Peritoneal 
(Hoppe-Seyler). 

Water  ...   

Solids  ... 

Organic  solids  {^^^"'^^'^'[i^gg  } 

Inorganic  solids 

Sugar 

Uric  acid 

966-24 
3376 
26-82 

7  64 
o-05%* 

0-0015%* 

952-9 
46-38 

34'9 
4-28 

7-2 

present 

•0012— -0078%* 

"Pickardt. 


*  Record  No.  10173.  t  v.  Starck. 
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Analyses  which  have  been  made  by  the  same  authorities 
show  that  the  different  effusions  met  with  in  a  given  case  of 
Bright's  disease  may  show  slight  differences  in  chemical  com- 
position. The  most  striking  point  about  the  analyses  which  are 
obtainable  is  the  absolutely  uniform  salt-content  in  each  fluid 
(pleural,  peritoneal,  oedema).  The  proteids  are,  as  one  would 
expect,  uniformly  less  in  the  dropsical  fluid,  and  the  water  is 
always  greater  in  that  fluid  than  in  the  case  of  the  pleural  and 
peritoneal  effusion.  The  pleural  fluid  usually  contains  the 
largest  percentage  of  proteid  and  the  least  water.  The  varia- 
tions, then,  are  mainly  in  the  organic  constituents. 

From  analyses  of  various  pleural  fluids  recorded  by  Halliburton  it 
is  seen  that  acute  pleurisies  have  a  specific  gravity  of  more  than  1020, 
while  the  hydrothorax  fluids  (whether  renal  or  cardiac)  are  below  1020. 
The  total  proteid  is  3  to  5  per  cent,  in  the  pleurisies,  and  only  i  or  2  in  the 
transudates.  The  proteid-quotient  shows  that  globulin  may  be  more 
abundant  in  exudates,  while  it  is  practically  always  less  in  amount  than 
albumen  (proteid-quotient  2-2  to  2-9)  in  transudates. 

Globulins.— In  three  different  specimens  of  ascitic  fluid, 
Freund  and  Joachim  found  the  following  globulins  : 


Peritoneal  Fluid. 

Euglobulin. 

Pseudo- 
globulin. 

Para- 
globulin. 

Para  pseudo- 
globulin. 

Nucleo- 
globulin. 

Cirrhosis  of  Liver 

I'  11 
Carcinoma  ,, 

-t- 
+ 
+ 

Trace 
Trace 
Merest  trace 

+ 
-1- 

Moderate 
amount 

+ 

Small  amount 
Trace 

+ 

Associated  with  the  globulm,  there  may  be  a  considerable 
quantity  of  lecithin*  as  we  shaU  have  to  refer  to  fully  presently 
when  dealing  with  the  cause  of  opalescence  of  puncture-fluids 
The  presence  of  globulins  in  excess  in  exudates  will  have  a  physio- 
logical value,  since  the  association— in  some  unknown  way— 
of  globulin  with  antibodies  will  serve  to  protect  or  help  to 
protect  a  patient  from  the  dangers  of  bacterial  peritonitis  for 
instance. 

Aminoacids  have  been  described  as  occurring  even  to  the 
extent  of  0-062  per  cent,  in  cases  of  peritoneal  effusion  associated 
with  Bantis  disease.    GlycocoU  was  found  amongst  them 

in  ?he t7  r  ^''i'''''  "  "^^^^  ^  ^'^^^  "^'Sree  ol  accuracy 
m  the  estimations  when  30  per  cent,  or  more  of  leucin  may  escape 

*  Jolles,  Joachim.    See  also  page  159. 
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in  the  process  of  quantitative  analysis,  we  may  conclude  that 
the  quantity  of  aminoacids' may  be  much  greater  than  0-0627. 
Leucin  and  tyrosin  occur  in  peritoneal  fluid  in  cases  of  cirrhosis 
of  the  liver,  according  to  Hammarsten. 

Residual  Nitrogen. — This  is  relatively  high  in  transudates 
(2277),  as  well  as  being  absolutely  increased,  2'83  gm.* 

Ammonia. — More  than  -g  mg.  per  cent,  was  met  with  in  a 
case  of  cirrhosis  of  the  liver. f 

Bence-Jones  Proteid. — The  presence  of  this  substance  has 
been  described  by  EUinger  as  occurring  in  the  ascitic  fluid  in  a 
case  of  multiple  myeloma  of  the  bones.  J 

Sugars. — Dextrose  has  been  described  as  occurring  in  the 
ascitic  fluid  in  a  case  of  renal  disease. 

Fructose  §  appears  in  ascitic  fluid  in  cases  of  carcinoma  and 
in  some  cases  of  granular  kidney,  if  given  by  the  mouth.  It 
was  found  in  pleural  fluid  in  cases  of  multiple  lymphoma,  though 
no  levulose  was  given  by  the  mouth.  Pickardt  states  that  the 
total  reducing  substance  in  ascitic  fluid  may  amount  to  o-o6  per 
cent.  The  following  table  of  analyses  made  by  Pickardt  will 
illustrate  the  variations  in  composition  which  may  be  met  with  : 


Disease 

%N. 

% 

Albumen. 

% 

Uric  Acid. 

Rotation. 

cv 

Reducing 
Substance. 

/'Cirrhosis  of  Liver 
1          II  " 
-{          II  " 

Carcinoma  of  Peritoneum 
^Tubercular  Peritonitis  ... 

Pleurisy  ... 

Nephritic  CEdema 

Cardiac  Failure  (CEdema) 

0-14 
0-46 

0-22 
065 

0'9o6 
0188 
009 

0-  87 

2-  875 

1-  375 

3-  69 
406 
5-663 

1-175 
0-563 

00036 
trace 
1) 

0-0048 

0003 

00025 

o-co6 

dextro- 
Isevo- 
II 

dextro- 
Itevo- 
11 

dextro- 
II 

0-084 
0-070 

o-io6 

0-029 
0-050 
0-II3 

*  Friedrichsen,  Vages,  and  Husches. 
-j-  H.  Strauss. 

+  Though  this  substance  has  been  known  for  nearly  sixty  years,  its 
exact  nature  remains  problematical.  Perhaps  the  most  recent  view  is 
that  it  is  an  albumen  (Mann,  Parkes  Weber)  which  can  be  obtained  in 
crystals,  and  contains  neither  glycocoll  nor  phosphonis. 

The  chief  properties  are  these  :  ,  ^  -t 

1  It  coagulates  at  55°  C  and .  redissolves  at  a  higher  temperature  if 
ammonia  salts  or  urea  are  present.    It  recoagulates  on  coolmg. 

2  Di-estion  with  pepsin  converts  it  into  albumoses  and  peptones, 
but  not  into  hetero-albumose.    This  proves  it  to  be  a  true  albumen. 

3.  It  is  not  soluble  in  66  per  cent,  alcohol. 
§  Neuburger  and  Strauss. 
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Reference  to  the  nitrogen  and  albumen  percentage  will  show 
the  striking  fact  that  if  the  peritoneal  cavity  contain  lo  litres 
of  fluid  at  2  to  4  per  cent,  of  albumen,  there  will  then  be  625  to 
1,250  grammes  of  proteid — equivalent  to  more  than  2  pounds 
of  meat — within  the  peritoneal  cavity ! 

In  serous  fluids  the  dry  matter  and  total  nitrogen  are,  as  one 
would  expect,  less  than  in  the  blood-serum,  but  the  number  of 
extractives  is  still  less  than  those  in  the  serum.* 

Allantoin  has  been  found  in  the  transudate  in  a  case  of 
cirrhosis  of  the  liver. f 

Mucins. — "  Serosamucin  "  occurs  in  certain  exudates.  The 
subject  is  dealt  with  in  Section  I. 

Pigments. — Bile-pigment  and  urobilin  may  occur.  There 
may  be  an  undue  quantity  of  uric  acid  associated  with  urobilin. 

A  special  method  of  study  of  body  fluids  was  devised  by  Landolf,  which 
is  of  interest,  though  somewhat  complicated.  The  description  of  the 
method  J  does  not  seem  complete.  The  total  proteid  is  first  estimated 
by  Kj  eldahlising,  and  hydrolysis  is  then  carried  out  by  means  of  strong 
hydrochloric  acid.  After  hydrolysis,  polarimetric  observations  are  made, 
allowing  for  the  lasvo-rotation  of  peptone,  which  may  be  present  in  the  final 
fluid.  This  author  discusses  (a)  the  ratio  of  the  insoluble  albumens  to 
the  degree  of  rotation  of  the  hydrolysed  fluid,  {b)  the  ratio  of  the  insoluble 
nitrogenous  bodies  after  hydrolysis  to  the  total  nitrogen  of  the  hydrolysed 
fluid,  (c)  the  ratio  of  the  rotation  of  this  fluid  to  the  total  nitrogen,  (d) 
the  ratio  of  the  dry  residue  of  the  hydrolysed  fluid  to  the  insoluble  nitro- 
genous substances  and  the  total  dry  residue,  (e)  the  ratio  of  the  total 
nitrogen  of  the  fluid  to  the  nitrogenous  bodies  estimated  directly,  plus 
rotation  of  the  filtrate  after  estimating  these  nitrogenous  bodies. 

The  chief  result  of  these  laborious  researches  is  to  show  that  the 
albumen  of  puncture-fluids  is  much  more  resistant  to  hydrochloric  acid 
than  is  serum-proteid. 

The  following  analyses  are  selected  from  Landolf's  paper  : 


Fluid. 

Albumen 

% 

Dry 
Residue 

Ash. 

Urea% 

NaCl% 

Reduc- 
ing Sub- 
stance. 

Insoluble 
Albumen 
other  N. 

Fat. 

Pleural  ... 

5-861 

6-896 

0-844 

0-55 

0-58 

0-102 

2-5:1 

II 

0-947 

1-832 

0-804 

0-62 

0-02 

I  =3 

* 

4-03 

0-87 

0-56 

0-2 

0-62 

Abdominal* 

2- 1 7 

3'47 

0-84 

0-57 

0*24 

0-90 

*  Opalescent. 

*  Rzentkowski. 

t  V.  Jaksch. 

X  Biochem.  Zeit.,  vL  61. 
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Inorganic  Constituents. — Chlorine  is  retained  in  the 
peritoneal  fluid,  not  only  in  nephritis,  but  also  in  other  conditions, 
such  as  hepatic  or  cardiac  back-pressure. 

While  a  peritoneal  fluid  is  accumulating  the  salts  will 
inci^ease  in  amount  ;  CI,  N,  and  P,  come  to  be  retained,  showing 
a  deficient  power  in  the  organism  of  disassimilation.  On  the 
other  hand,  if  the  fluid  is  undergoing  absorption  these  elements 
are  excreted  in  considerable  quantity,  and  there  is  P-  and  Cl-loss. 
If  the  nitrogen  of  the  food  does  not  meet  the  demand,  the 
albumen  of  the  tissues  comes  to  be  attacked.* 

Gases. — Transudates  contain  COo  and  traces  of  nitrogen  and 
oxygen.  The  tension  of  the  CO2  is  greater  than  that  of  blood 
in  transudates,  especially  if  pus  is  present  (Hammarsten). 

Physico-chemical  Features. — As  compared  with  the  blood, 
the  physico-chemical  characters  are  usually  found  similar,-)-  though 
the  concentration  of  the  non-electrolytes  is  hardly  ever  the 
same  in  the  two  cases. 

Osmotic  Concentration. — This  has  been  studied  by  various 
observers,  with  a  view  to  the  detection  of  the  nature  of  an  effusion, 
and  in  the  hope  that  prognostic  indications  might  be  obtainable. 
Thus  it  has  beeii  said  that  the  lower  the  osmotic  pressure  as 
compared  with  the  blood,  the  more  hkely  is  the  fluid  to  become 
absorbed  but  this  is  disputed  by  Herzfeld,  who  holds  that 
absorption  does  not  depend  on  the  osmotic  pressure.  From 
personal  observations  one  is  inclined  to  agree  with  Herzfeld,  but 
it  is  difficult  to  be  dogmatic  on  such  a  point,  and  it  is  most  likely 
that  the  factors  influencing  absorption  are  more  comphcated. 

Rzentkowski  thought  that  tuberculous  pleural  exudates  have 
generally  a  much  higher  osmotic  concentration  than  the  blood, 
especially  if  there  be  pus  present.  But  this  observation,  which 
raised  a  hope  that  tuberculous  pleurisy  could  be  readily  diagnosed 
from  the  cryoscopic  examination,  was  soon  found  to  be  faulty. 

The  value  of  the  determination  of  the  osmotic  concentration 
of  an  ascitic  or  pleural  fluid  has  been  stated  to  lie  in  the  deter- 
mination of  the  ratio  of  the  iimie  ;  if  that  is  increasing, 
the  fluid  may  be  said  to  be  increasing  in  amount. 

*  Marischler  and  Ozarkiewicz. 
f  Bodou. 

I  Ketley  and  Torday. 
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The  following  table  (XVI.)  shows  the  observations  which 
have  been  made  on  cases  in  this  hospital  : 

TABLE  XVI 

Osmotic  Concentration  of  Pleural  and  Peritoneal  Fluids 


Nature  of  Case. 


Freezing- 
point 
Depression. 


Osmotic 
Concen- 
tration. 


Pressure 
in  Atmo- 
spheres. 


<-> 
< 
H 

z 
o 

H 

M 

m 

a 


'Tuberculous  Peritonitis 
Carcinomatous      „  (stomach) 
Chronic  Peritonitis  (gastric  ulcer)... 
-j  Carcinomatous  Peritonitis... 
Tubercular  Peritonitis 
Suppurative     Tuberculous  Peri- 
tonitis 

r  Thrombosis  of  Portal  Vein 
Cardiac  Failure 
Multilobular  Cirrhosis 
Cardiac  Failure 

„        and   Cirrhosis  of 
Liver  ... 

Renal  Ascites   

Cirrhosis  of  Liver  

Cirrhosis  of  Liver  


Chronic 
nitis  . 


Perito- 


Cardiac  Failure 
Renal  Ascites 
Acute  Nephritis 
V  Interstitial  Nephritis 


J 

<; 

D 
P-i 


-  Tuberculous  Pleurisy 

Simple  Pleurisy 
Tuberculous  Pleurisy 


•563 
•488 

•549 
•562 
•552 
•520 

*  Markedly  hypertonic. 


•569 
■520 
•752 
■664 
•569 

•595 
•667 

•576 
•566 
.649 

•574 

■750* 

•667 

•558 

•667 

•544 
•586 
•672* 
•676* 

•75* 


•299 
■274 
•406 
■358 
•307 

■313 
•360 
•310 
•298 
•341 

•302 

■395 
•360 
•301 
•360 

•294 
■316 
■361 
•364 
•405 


•303 
•257 
•297 

■303 
■298 
•297 


6-83 

6"24 

9-0 

80 

6-8 

7^13 

80 

6-9 

6-8o 

778 

689 

9-0 

8-0 

67 

8-0 

6-  5 

7-  0 
80 
81 

90 


678 

5-  86 

6-  6 
67 
6-6 
6-6 


The  molecular  concentration  is  thus  seen  to  vary  very 
greatly,  and  to  be,  as  a  rule,  much  more  marked  in  peritoneal 
than  in'pleural  fluids,  and,  as  a  rule,  greater  in  transudates  than 

in  exudates.  .  . 

In  nephritic  transudates  the  osmotic  concentration  is  the 
same  as,  or  a  little  less  than,  that  of  the  blood  of  the  patient. 

The  chlorine  retention  which  occurs  in  transudates  will 
explain  this  feature  in  part.  The  reference  which  has  been 
made  to  the  other  constituents  in  transudates  affords  additional 
information. 
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As  regards  the  electro-conductivity  and  the  concentration  of 
the  electrolytes,  both  chloride  and  achloride,  reference  need  not 
here  be  made,  as  the  application  of  this  method  to  diagnostic 
purposes  is  gone  into  at  length  in  the  following  section.  Some 
experiments  of  Sasaki  may,  however,  be  referred  to,  in  which  a 
nephritis  was  artificially  induced  in  rabbits,  with  a  resulting 
decided  increase  in  the  electrolyte-content  of  the  peritoneal 
fluid. 

Concentration  of  Hydrogen-Ions. — The  concentration  of 
the  hydrogen-ions  in  ascitic  fluid  has  not  been  frequently 
determined.  The  reader  may  be  referred  back  to  the  table  in 
Section  II. 

Ferments,  Antiferments,  and  Toxins. — The  ferment- 
content  of  various  fluids  has  been  discussed  on  a  preceding 
page,  where  the  results  of  one's  own  observations  are  tabu- 
lated. These  observations  may  be  amplified  by  a  reference  to 
Marshall's  work,  who  found  that  both  pleural  and  peritoneal 
fluids  have  the  power  of  haemolysing  blood  other  than  human, 
pig,  rat,  or  goose  blood,  a  fact  which  goes  to  show  that  these 
fluids  contain  complements  which  can  activate  various  ambo- 
ceptors. 

The  content  in  complement  of  some  fluids  for  a  given  lysin 
varies  independently  of  the  content  in  complement  for  other 
lysins. 

Fibrin-ferment  is  frequently  present  in  exudates. 

The  ascitic  fluid  in  carcinomatous  cases  is  haemolytic,  just 
as  the  extract  of  these  tumours  possesses  a  hcemolytic  power. 

Antiferments.— MuUer  found  that  the  amount  of  anti- 
ferment  rises  with  the  albumen-content  and  varies  in  amount 
with  the  degree  of  destruction  of  the  leucocytes.  The  following 
results  were  obtained: 


Case. 

Antiferment-Content. 

Ascites  due  to  passive  congestion 

Hydrolhora.x 

Hydrocele 

Pure  Tubercular  Peritonitis 
Acute  Peritonitis 

In  excess 
i» 
II 

Lessened 
Lost 

Antiferments  to  congenital  syphilis  have  been  found  in  the 
peritoneal  fluid  in  three  cases  by  Hans  Bab. 
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Autoly tic-ferments  are  said  not  to  occur  in  puncture-fluids.* 
Poisonous  Effect  of  Exudates  and  Transudates  when 
Injected  into  the  Blood. — In  cirrhosis  of  tlie  liver  the  transu- 
date is  no  more  poisonous  than  the  effusion  in  pleurisy,  showing 
that  the  portal  blood  is  not  more  toxic  than  the  blood  of  the 
general  circulation. 

THE  effect  of  REPEATED  TAPPING  ON  THE 
COMPOSITION   OF  PLEURAL   AND  PERITONEAL  FLUIDS 

That  a  change  in  composition  resulted  from  repeated  tapping 
was  noted  by  Halliburton  and  discussed  by  him  in  some  detail. 
He  found  that  the  total  proteid  first  rises  in  amount  and  finally 
falls,  the  globulin- content  increasing  more  than  the  albumen. 
This  increase  in  amount  of  proteid  is  very  frequently  noticed, 
though  it  is  not  an  invariable  rule,  since  in  an  analysis  of  peri- 
toneal fluid  by  Hoppe-Seyler  there  was  a  decided  fall,  both 
in  total  solids  and  in  the  proteid-  and  salt-content. 

The  fact  that  the  composition  of  puncture-fluids  does  not 
always  necessarily  vary  during  the  progress  of  a  case  has 
been  several  times  demonstrated  in  the  series  studied  in  the 
Leeds  General  Infirmary.  In  some  cases  there  was  merely  a 
slight  fall  in  the  concentration  of  the  electrolytes.  Thus,  in 
a  case  of  peritoneal  carcinomatosis  secondary  to  disease  of  the 
omentum,  the  only  change  noticed  during  three  weeks  was  a  fall 
in  the  achloride-content  from  -03  to  -oi. 

A  peritoneal  fluid  due  to  cirrhosis  of  the  liver  showed  a 
fall  in  the  proteid-content  during  five  weeks.  The  achloride 
electrolytes  remained  constant,  while  the  chlorides  showed  a 
slight  rise.  The  total  osmotic  concentration  remained  practi- 
cally constant  throughout. 

In  another  class  of  case  the  chloride-content  remained  con- 
stant during  six  weeks,  while  the  achloride  electrolytes  became 
increased.  In  this  case  one  may  set  off  the  change  in  concen- 
tration against  the  faU  in  proteid-content  which  occurred.  The 
fluid  was  associated  with  thrombosis  of  the  portal  vein.  The 
diminution  of  proteid-content  would  naturally  allow  an  increased 
ionisation  of  the  electrolytes  present,  and  there  would  be 
a  diminished  inhibitory  effect  on  the  conductivity.  Since, 

*  Zock, 
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however,  the  diagnosis  of  increased  achloride  electrolytes  is 
based  on  the  cryoscopic  result,  it  becomes  evident  that  a  differ- 
ence in  albumen  of  1-4  per  cent,  would  not  materially  alter 
the  values  obtained.  Translated  into  ordinary  language,  we 
may  say  that  after  a  peritoneal  collection  had  existed  for  six 
weeks  in  a  case  of  portal  thrombosis,  the  chief  change  which 
occurred  was  a  deposition  of  salts  such  as  phosphates  and  sul- 
phates, while  the  transudatory  character  of  the  fluid  became 
more  decided,  and  inflammatory  changes  did  not  occur. 

A  case  of  ascites  due  to  disseminated  peritoneal  cancer 
(ovarii)  was  examined  on  four  occasions  during  as  many  months. 
During  all  this  time  the  specific  gravity  and  the  albumen-content 
remained  identical — except  for  a  slight  loss  of  albumen.  The 
chlorides  steadily  diminished,  though  not  to  a  great  amount 
(•137  to  -046  gm.  equiv.).  The  conductivity  diminished  steadily 
as  well,  so  that  the  concentration  of  the  achlorides  in  this  case 
remained  constant. 

One  other  case  may  be  referred  to  as  of  special  interest. 
The  patient  was  a  woman  of  middle  age  who  had  sufJered  from 
ascites  and  anaemia  for  a  considerable  time.  The  fluid  was 
removed  on  several  occasions,  and  was  at  first  perfectly  clear 
and  subsequently  opalescent.  Numerous  bacflli  of  the  Bacillus 
lymphagogon  type  were  met  with  in  the  subsequent  tappings. 
There  was  no  fat  present.  The  variations  in  character  of  the  fluid 
were  very  slight,  and  the  most  remarkable  fact  was  the  almost 
complete  absence  of  coagulable  proteid  in  it.  The  following 
results  were  obtained  : 


Sp.  gr. 

Albumen. 

Chlorides 
gm.  equiv. 

C.  elect. 

C.  achlor. 

Urea. 

Globulin. 

Gluco- 
samine. 

Colour. 

Aug.  21. 

1008 

0-25 

•284 

•06s 

+ 

0 

Opalescent 

Sept.  29. 

1010 

0 

•121 

•141 

•020 

Nov.  8. 

1009-5 

Trace 

•132 

•170 

•042 

0 

+ 

White 

9- 

1009 

0-25 

•155 

+ 

Golden-yellow, 
with  flakes 
of  lymph 

Post  mortem,  the  liver  was  found  to  be  in  an  extreme  state 
of  fatty  degeneration,  the  cells  having  practically  disappeared. 
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The  pancreas  was  normal.  The  kidneys  showed  an  extreme 
cloudy  sweUing  in  the  convoluted  tubules,  but  no  increase  in 
the  interstitial  tissue,  nor  any  leucocytic  infiltration.  An  un- 
prejudiced observer  would  hardly  regard  the  tissue  as  really 
abnormal ;  in  the  absence  of  any  other  abnormality  in  other 
parts  of  the  body,  one  must  regard  this  case  as  one  of  toxic 
"  nephritis."  The  table  shows  a  progressive  increase  in  the 
chloride  concentration. 

The  other  cases  which  came  in  for  repeated  tapping  showed 
little  noteworthy  change,  and  they  are  fully  recorded  in 
Section  VI. 

TURBID,  OPALESCENT,  AND  MILKY  EFFUSIONS 

Considerable  discussion  has  arisen  on  the  nature  of  the  tur- 
bidity which  certain  effusions  possess ;  and  while  in  some  cases 
the  cause  is  not  far  to  seek,  there  are  other  cases  whose  turbidity 
is  even  now  inexplicable.    One  may  classify  the  cases  as  follows  : 

A.  True  chylous  ascites  (or  pleurisy  or  pericarchum). 

B.  Pseudo-chylous  ascites — 

(1)  Due  to  bacteria. 

(2)  Due  to  the  presence  of  globulin. 

(3)  Due  to  a  lecitho-globulid. 

(4)  Due  to  a  mucin. 

(5)  Due  to  the  physical  properties  of  the  proteid. 

(6)  Due  to  other  proteids  than  globulin. 

A.  The  True  Chylous  Effusions  are  most  simple  to  ex- 
plain. In  this  case  the  turbidity  is  due  to  microscopic  particles 
of  fat,  and  an  examination  of  an  unstained  shde  will  clear  up 
the  case  at  once,  or  the  fact  that  ether  will  render  the  fluid  clear 
also  explains  the  class  of  case  with  which  one  has  to  deal. 

An  analysis  by  Hoppe-Seyler  gave  : 

ffibrin,  albumen,  globulin  7°'^ 

Water    904-8  |  fat,  lecithin,  cholesterin    9"2 

Solids      95-21  fatty  acids,  soaps,  and  other  organic  substances  io-8 

Ualts  

The  dry  residue  of  an  ethereal  extract  contained  : 

Cholesterin    i  ''3  % 

Lecithin    •••      7"S  % 

Olein  and  palmitin       ...    Sl'i  % 

There  was  no  peptone  or  proteose. 

The  content  of  fat  varies  in  different  specimens  from  0-9  to  0-7  per 
cent.  A  case  was  recently  reported  by  Hammerfahr,  in  which  the  patient 
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received  a  kick  in  the  neck  from  a  horse,  with  a  double  chylothorax  as 
a  result ;  here  the  fat-content  was  higher  (2-95  per  cent.).  Lothersin 
collected  twenty-three  cases,  of  which  eleven  were  due  to  trauma,  and 
twelve  to  compression  by  tumour. 

The  fat  may  be  identified  by  the  use  of  the  microscope,  when 
it  is  seen  in  the  form  of  minute  granules  lilce  micrococci,  which 
do  not  stain  and  are  soluble  in  potash  and  ether.  Sudan  III. 
may  be  used.  Sometimes,  however,  the  fat  is  enclosed  in  cells, 
which  may  be  of  very  large  size. 

The  osmotic  concentration  of  chyle  is  slightly  lower  than 
that  of  the  blood,  being  0-291.* 

Contrasting  the  characters  of  chyle  with  those  of  lymph, 
we  find  that  the  former  is  much  richer  in  solids,  three  times  as 
rich  in  fats,  but  much  poorer  in  salts.  The  extractives  are 
high  in  each  case. 

See  also  "  Lacteal  Cysts." 

B.  Pseudo-Chylous  Ascites. 

(1)  Due  to  bacteria. — The  presence  of  enormous  numbers 
of  bacteria  is  occasionally  met  with  even  in  non-septic  effusions. 
The  use  of  a  Chamberland  filter  will  then  procure  a  clear  filtrate. 
Hamburger's  Bacillus  lymphagogon  is  occasionally  met  with  in 
these  cases,  and  Plate  I.  Fig.  i.  shows  an  example. 

(2)  Due  to  the  presence  of  globulin. — Micheli  and  Mattirolo 
state  that  the  cause  of  turbidity  in  a  case  which  they  report 
was  a  molecular  alteration  of  the  globulins  present.  The 
molecular  alteration  may  be  really  a  combination  of  globulin 
with  a  fat,  forming — 

(3)  A  lecitho-globulid,  as  one  might  term  it. — Bernert  drew 
attention  to  the  fact  that  globulin  can  combine  with  lecithin  and 
produce  a  turbid  fluid ;  but  a  much  more  complete  study  of  a 
case  of  this  kind  was  made  by  Joachim  (1903),  who  discovered 
that  it  is  the  pseudo-globulin  fraction  that  has  an  affinity  for 
lecithin.  After  removal  of  the  pseudo-globulin  the  fluid  became 
clear,  the  action  of  boiling  in  the  presence  of  acetic  acid  having 
removed  the  source  of  the  turbidity  in  the  first  place.  He 
found  0-368  part  of  lecithin  pro  mHle.  This  observation  was 
corroborated  by  Gross,  MicheU  and  Mattirolo,  and  Christen. 
The  latter  author,  however,  does  not  think  that  lecithin  is  the 
sole  offender  in  respect  of  causing  a  milky  effusion.    From  one's 

*  Strauss  and  Grossmann. 
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own  observations  this  explanation  was  found  to  hold  good  in 
a  few  cases,  the  source  of  turbidity  being  shown  by  its  dis- 
appearance either  on  boiling  or  on  J  saturation  with  ammonium 
sulphate. 

(4)  Due  to  a  mucin. — The  presence  of  excess  of  mucin  in  a 
fluid  may  cause  a  milky  or  opalescent  appearance,  especially  if 
the  electrolyte  conditions  do  not  allow  of  its  complete  solution. 

(5)  Due  to  the  physical  properties  of  the  proteids. — The  pro- 
gress which  has  been  made  in  colloid  chemistry  enables  us  to 
form  some  conception  of  a  change  that  may  possibly  take  place 
in  an  effusion  so  as  to  render  it  turbid.    It  is  sometimes  very 
striking  that  a  first  tapping  brings  out  a  clear,  translucent, 
typically  straw-coloured   fluid,   while   a   subsequent  tapping 
brings  a  perfectly  milky  fluid  to  light.    A  striking  example 
of  this  was  met  with  in  a  case  in  which  the  only  post-mortem 
change  was  extreme  cloudy  swelling  of  the  convoluted  tubules 
of  the  kidneys.    What  change  had  taken  place  between  the 
two  tappings  ?    When,  as  in  the  above  case,  there  is  no  ex- 
planation forthcoming  that  chyle,  bacteria,  or  lecithin  can 
account  for  the  phenomenon,  may  it  not  be  assumed  that  a 
change  has  taken  place  in  the  physical  properties  of  the  colloids  ? 
If  a  change  in  the  electrical  charge  takes  place  by  which  the 
attraction  between  colloidal  particles  and  ions  is  altered,  then 
the  former  may  form  aggregates  of  a  size  sufaciently  different 
from  those  in  the  first  tapping  to  make  the  fluid  turbid.  That 
is  to  say,  an  alteration  in  the  electrical  charge  of  the  colloid 
particles  of  the  effusion,  an  alteration  in  the  number  of  particles, 
and  an  alteration  in  the  size  of  the  particles  is  all  that  is  needed 
to  evoke  such  a  striking  macroscopic  change  in  the  fluid  on 
different  occasions.    The  ultramicroscope  would  show  evidence 
of  this  change,  but  apparently  it  has  not,  so  far,  been  impressed 
for  elucidating  this  particular  problem.    Raehlmann,  however, 
in  1903,  applied  this  instrument  to  clinical  medicine,  and  in  hr. 
account  of  the  appearances  produced  by  various  albuminous 
solutions  he  refers  to  glycogen,  which  in  dUute  solution  has  a 
bluish-white  opalescence.     In  very  dilute  solution  extremely 
minute  particles  of  glycogen,  of  varying  size,  can  be  detected 
throughout  the  solvent,  and  show  a  characteristic  type  of  very 
energetic  vibratile  movements. 

We  have,  however,  to  seek  the  cause  of  the  alteration  m 
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electrical  charge,  but  this  is  not  very  difficult,  for  it  is  well 
established  that  addition  or  subtraction  of  various  electrolytes 
may  completely  reverse  or  nullify  the  electrical  charge  possessed 
by  proteid  substances. 

In  connection  with  this  line  of  thought,  the  behaviour  of 
globulin  solutions  when  dropped  into  distilled  water  may  be 
referred  to.  As  is  well  known,  this  clinical  test  for  globulin 
(in  urine,  e.g.)  is  due  to  the  fact  that  in  the  absence  of  electrolytes 
globulin  cannot  remain  in  solution.  The  addition  of  a  few 
drops  of  a  fluid  rich  in  globulin  to  a  loo-cc.  measure  of  distilled 
water  is  sufficient  to  produce  a  turbid,  milky  fluid  of  very  similar 
appearance  to  these  pseudo-chylous  effusions.  A  deficiency  of 
salts  and  an  excess  of  globulin  would  thus  suffice  to  produce 
the  effect  of  nature.  The  case  of  toxic  nephritis  referred  to 
might  be  explained  in  this  way,  because  it  is  a  remarkable 
fact  that  there  was  practically  no  albumen  present,  but  much 
globulin,  and  the  salt-content  was  low.  Of  course  these  factors 
produce  their  effect  by  changes  in  the  electrical  charges  referred 
to,  and  it  is  well  known  that,  after  tapping,  the  globulins  may 
increase  at  the  expense  of  the  albumen.  The  question  is  one 
of  very  great  interest,  and  is  bound  up  with  the  explanation  of 
the  phenomena  of  salting-out  of  proteids.* 

(6)  Due  to  other  proteids  than  globulin. — The  observation  of 
Fuld  and  Levison  that  when  the  vegetable  proteid  edestin  is 
treated  with  dilute  hydrochloric  acid,  a  strongly  opalescent 
solution  is  obtained,  suggests  that  this  may  throw  some  light 
on  the  causation  of  turbidity  in  some  cases.  Quincke  regards 
the  turbidity  as  sometimes  due  to  an  emulsion  of  albuminous 
granules. 

A  milky  fluid  is  described  by  Poljakoff  as  occurring  in  a  case  of  syphilitic 
cirrhosis  of  the  liver  (verified  post  mortem)  associated  with  tubal  nephritis. 
The  fluid  contained  1-625  per  cent,  proteid  (chiefly  serum  albumen),  1-42 
per  cent,  urea,  6-26  per  cent,  fat  and  extractives.  He  considers  that  the 
amount  of  fat  is  much  too  small  to  account  for  the  milkiness,  and  also 
remarks  that  the  fluid  did  not  clear  up  on  shaking  with  ether. 

PERICARDIAL  FLUID 

As  regards  colour,  specific  gravity,  and  similar  characters, 
pericardial  fluid  falls  in  line  with  pleural  and  peritoneal  fluids.' 

*  See  Neisser  and  Friedemann,  "Studien  iiber  Ausflockungserscheinun- 
gen,'  Munch,  med.  Woch.,  X903.  n  ;  Bechhold,  ZeUsck.  fur  physik.  cZZ. 

II 
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Thus,  in  a  case  of  pneumonia  intercurrent  in  the  course  of 
spinal  caries  *  the  pericardial  fluid  was  found  post  mortem 
to  be  a  brown,  turbid  fluid,  and  the  pericardium  showed  no 
trace  of  inflammatory  change.  The  albumen  amounted  to  only 
1-8  per  cent.,  the  chlorides  were  very  abundant  (0-137  gm. 
equiv.),  and  the  conductivity  was  1093  at  18°  C,  showing  that 
the  achloride  electrolytes  amounted  to  0-019,  and  the  ratio 
achlorides  :  chlorides  was  only  0-72,  as  usual  in  transudates. 
Tryptophane  was  present. 

According  to  Hammarsten,  the  chemical  composition  of 
pericardial  fluid  is : 

Water   96% 

j"  fibrin    0-5 

[ proteids   29   J  globulin    6  0 

[albumen   22-5 

o/fNaCl  7-2 

Solids   40/01  other  soluble  salts    ...  1-4 

insoluble  salts         ...  0-4 
\^extractlves    ...        ...  2"0 

The  proteid-quotient  is  thus  3-74,  and  the  proteid-extractive 
ratio  14-3.  The  analyses  given  by  Friend  and  Halliburton, 
Gorup-Besanez,  Wachsmuth,  Hoppe-Seyler,  and  others,  show 
that  there  is  considerable  variation  in  the  composition  in  different 
specimens. 

An  analysis  in  a  case  of  tuberculous  pericarditis,  made  by 
Bockelman,  showed  that  this  fluid,  which  was  haemorrhagic,  con- 
tained a  considerable  clot,  and  had  a  specific  gravity  of  1024  at 
15°  C.  Its  freezing-point  depression  was  0-51°  C,  indicating  an 
osmotic  concentration  of  0-275  and  a  pressure  of  6-i  atmospheres 
(at  0°  C).  The  chlorides  amounted  to  7  gms.  per  litre,  which  means 
a  concentration  of  o-i2,  so  that  the  concentration  of  the  achlorides 
would  amount  to  0-155  (expressed  as  NaCl).  The  albumen, 
estimated  by  Esbach's  instrument,  was  4-1  per  cent.,  and  the 
total  nitrogen  was  9-268  gms.  per  cent. 

A  case  of  chylo-pericardium,  recorded  by  Hasebrock,  con- 
tained 10-36  per  cent.  soHds,  7-3  per  cent,  albumen,  1-07  per  cent 
fat,  0-33  per  cent,  of  cholesterin,  0-177        cent,  lecithm,  and 
0-Q3  per  cent,  of  salts. 

Concentration  of  Hydrogen  lons.-The  normal  fluid  gives  for 

log  Cn- 7-4400,  meaning  an  alkalinity  of  potash. 

*  Reg.  No.  8072. 
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SYNOVIAL  FLUID 

The  chief  pecuharity  of  this  fluid  is  the  special  variety  of 
mucin  which  it  contains.  This  mucin  does  not  reduce  Fehling, 
and  behaves  Uke  a  nucleo-albumen  or  nucleo-proteid.  It  has 
been  analysed  by  von  Hoist,  and  by  Salkowski,  who  called  it 
synovin.  Synovial  fluid  is  alkaline,  of  yellowish  colour,  and 
may  be  turbid  even  in  health.  The  following  analyses  form 
a  useful  comparison : 


Normal 
(Hammarsten). 

Synovitis 
(Hoppe-Seyler). 

Water  ... 
Mucin  ... 

Proteid  

Extractives  and  fat   

Salts   

Sodium  chloride 

948* 
2 

39 
5 
2 
6 

928 
7 
SI 
4 
9 

? 

Uric  acid  may  occur  in  synovial  fluid,  especially  in  gouty 
effusions. 

Antiferments.— Suppuration  joint  fluid  was  found  by  Miiller 
to  contain  no  antiferment. 

As  regards  the  clinical  value  of  examination  of  synovial 
fluid,  one  must  admit  that  the  interest  here  lies  mainly  in  the 
bacteriological  characters,  and  perhaps  no  less  important  are 
the  cytological  characters. 


HYDROCELE  FLUID 

The  colour  varies  from  straw-colour  to  a  dark  brown  or 
greenish  colour.  The  specific  gravity  of  hydrocele  fluid  varies 
between  1016  and  1026.  An  analysis  given  by  Hammarsten 
gave  938  per  miUe  water  and  61  per  miUe  solids,  which  con- 
sisted of  fibrin  (0-59),  globulin  (13-25),  albumen  (35-94),  ether 
extractives  (4-02),  salts  (9-26),  sodium  chloride  (6-19). 

Lecithin,  and  traces  of  reducing  substance  and  of  urea  are 
found. 

Metalbument  and  paralbumen  have  been  found  in  hydrocele 

*  For  convenience,  the  nearest  whole  number  is  given 
t  DeviUard.  ^ 
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fluids.  Old-standing  cases,  as  with  all  cysts,  may  present 
abundance  of  cholesterin.  The  possibiUty  of  finding  filaria  in 
hydrocele  fluid  may  be  just  mentioned.* 

Succinic  acid  is  said  to  be  present  in  some  examples  f  and 
occasionally  inosite. 

Ferments  and  Antiferments. — In  syphilitic  cases  the 
hydrocele  fluid  may  give  a  positive  reaction  with  the  serum 
test  (Wassermann's) . 

Aqueous  Humour.— Lohmeyer  gives  the  following  analysis:  Water 
968-87  per  mille,  solids  13-13  per  mille,  consisting  of  proteids  (serum- 
albumen,  and  globulin  1-22),  extractives  0-21,  NaCl  6-89,  other  salts  0-81. 
There  were  no  cellular  elements  present.  The  specific  gravity  varies 
between  1003  and  1009. 

Griinhagen  found  a  reducing  substance  in  it,  which  was  not  sugar  ; 
he  also  found  urea  and  sarcolactic  acid  ("  paralactic  acid  "). 

The  absolute  acidity,  determined  by  C.  Foain  the  case  of  a  horse,  gave  : 

TT  log.  Ch  Ch  X  10-8 

•1328  —  7"049  8-93 

which  shows  it  to  be  practically  ionically  neutral. 


AMNIOTIC  FLUID 


Amniotic  fluid  has  been  studied  very  closely  in  order  to 
decide  whether  it  is  to  be  regarded  as  a  transudate  or  as  a 
urinary  fluid.  +  The  specific  gravity  is  usually  low  (1008)  and 
the  solids  only  amount  to  about  11  per  cent. 


*  Salm. 

t  2~gerstud.ed  the  amniotic  and  allantoic  fluids  in  order  to 
decide  this  question  by  determining  the  freezing-point  depression  m 
ass^dat  on^^^th  his  blood-corpuscle  method  (which  informs  about  those 
Tbstances  for  which  the  red  cells  are  not  permeable).  He  found  the 
"eeSng-point  of  the  two  fluids  identical,  while  the  allantoic  fluid  requu:es 
s  dUution  than  amniotic  fluid  in  order  to  cause  hemolysis  ;  the  allantoi 
Sd  the  efore  contains  bodies  which  do  not  --^  ^J  osmotic  pressure 
tiuia  xner  allantoic  fluid  is  a  kmd  of  foetal 

^rin?     acqt    l^d  t  .ddUional  argument  for  his  belief,  -mely,  that 

the  evidence  is  less  convincmg  in  this  case. 
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The  substances  which  have  been  found  in  hydramnios  fluid  * 
are  : 


Nitrogen-content  f ...       ...  '094''/o 

Globulin   

Albumen     ...        ...        ...  V2']2 

Sugar  (^not  levulose)  J 
A  mucin  § 


Urea   

Uric  Acid  o-o635*/o 

Allantoin   present 

Ash   7-836% 

/CI,  CO,,,  P,A,  SO, 
tNa.,0,  K.,0",  CaO,  MgO,  Fe 


Osmotic  Concentration. — The  normal  freezing-point  de- 
pression is  0'5io°  II  or  0-475°,!  which  corresponds  to  an  osmotic 
concentration  of  0*275  or  0-256,  or  a  pressure  of  6-i  or  5-6 
atmospheres  at  0°  C.  In  cases  of  hydramnios*  it  is  less,  being 
found  to  be  0-395°  C,  and  in  cases  of  eclampsia  it  is  increased  || 
(o-6io°  C). 

Hamburger  finds  it  isotonic  with  the  blood-serum. 

In  cases  of  ectopic  gestation  Zangemeister  found  the  osmotic 
concentration  0-301,  and  that  the  longer  the  time  that  has 
elapsed  since  the  death  of  the  foetus,  the  more  concentrated 
does  the  fluid  become,  owing  to  the  salts  passing  out  from  the 
intestine  into  the  sac. 

The  electro-conductiviiy  in  a  case  observed  by  me  was  1070 
at  18°  C,  and  the  chloride-content  0-507  per  cent.,  so  that  the 
achloride  electrolytes  amounted  to  0-030,  the  ratio  of  achlorides 
to  chlorides  being  therefore  0-35. 

Concentration  of  Hydrogen  Ions.— Foa  obtained  the 
following  values  : 

7r  log.  C„.  Ch.x,o-8 

•1362  —  7-1072  7-813 

Scipiades  and  Farkas  found  for  Ch  x  xq-^  9.0. 

The  fluid  is  practically  ionicaUy  neutral. 

Ferments.— BonoH  examined  the  ferment-content  in  am- 
niotic fluid  and  found  that  trypsin,  chymosin,  autolytic-ferment 
and  glycolytic-ferment  are  never  present,  while  diastase,  pepsin, 
fibrin-ferment  and  lipoly tic-ferment  are  always  present.  A 
ferment  which  can  spht  up  salol  is  also  always  present.  He  found 
a  catalytic  action. 

Antiferments.— Bab  failed  to  find  antibodies  to  syphilis  in 
an  amniotic  fluid  in  a  case  of  congenital  syphilis. 

*  Stozyzowski.  t  Scipiades  and  Farkas. 

+  Grube  and  Griinbaum.  §  Schere  and  Weyl. 

II  Vicarelli  and  Cappone. 
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CEREBROSPINAL  FLUID 

The  utility  of  a  study  of  this  fluid  has  come  to  be  widely 
recognised,  so  that  lumbar-puncture*  is  a  frequent  occurrence, 
and  regarded  as  of  very  great  value.  While  much  stress  has 
been  hitherto  laid  on  the  cellular  characteristics,  it  may  be 
safely  said  that  it  is  chemistry  which  will  afford  us  fuU 
realisation  of  the  diagnostic  information  which  lumbar-puncture 
can  supply.  In  recent  literature  tests  have  been  given  which 
are  simple  to  perform,  and  promise  well  for  clinical  diagnosis. 

It  has  been  asserted  that  even  if  the  cerebrospinal  fluid  served  no 
diagnostic  purpose  it  would  still  be  of  use  to  perform  lumbar-puncture  as 
a  therapeutic  measure.  v.  Bokay  has  shown  that  a  therapeutic  effect 
can  be  expected,  owing  to  the  relief  of  pressure  in  the  cerebrospinal  canal, 
and  to  the  removal  of  bacteria  or  their  toxins,  so  that  lumbar-puncture 
should  be  performed  two  or  three  times  in  a  bad  case.  The  pressure  of 
the  fluid  may  be  measured  as  it  comes  out  of  the  cannula.  It  may  be  found 
to  vary  in  amount  almost  from  hour  to  hour. 

Cerebrospinal  fluid  is  always  slightly  alkaline,  and  has  a 
low  specific  gravity  (1003-8),  which  disease  does  not  appreciably 
alter,  except  in  the  case  of  meningitis,  where  the  specific  gravity 
is  increased. t 

Naked-eye  Characters. — Colour. — Normally  the  fluid  should 
be  perfectly  clear,  although,  according  to  Pilcz,  it  is  not  invariably 
turbid  in  disease,  since  in  a  case  of  subacute  tuberculous  lepto- 
meningitis it  was  clear.  As  a  rule,  however,  a  clear  fluid  in- 
dicates that  there  is  no  suppurative  meningitis. 

*  Lumbar-punciure.—The  requisites  are  :  (i)  A  trocar  three  to  four 
inciies  long,  of  the  diameter  of  an  antitoxin  syringe-needle.  (2)  Means  for 
sterilising  (3)  Sterile  test-tubes.  (4)  Culture  media.  The  puncture  is 
made  a  third  of  an  inch  to  right  of  middle  Ime  bet%veen  third  and  fourth 
lumbar  vertebra  a  line  drawn  between  the  upper  points  of  the  iliac 
crests)  The  patient  should  lie  on  his  left  side,  with  his  knees  drawTi  up. 
After  the  usual  aseptic  procedure  (no  chemicals  must  be  used)  the  trocar 
is  taken  up  and  entered  (at  the  point  marked  with  the  left  forefinger), 
forwards,  slightly  upwards  and  slightly  inwards,  using  steady  umform 
pressure  It  mav  be  necessary  to  withdraw  the  needle,  owing  to 
intervening  bone.  '  The  needle  having  been  correctly  introduced,  the 
fluid  will  run  out,  and  is  allowed  to  run  into  the  sterile  test-tube,  the 
first  drops  being  rejected.  It  may  be  allowed  to  run  straight  into  the 
culture-tubes  also  (human  blood  serum,  agar,  glycenne-agar). 

t  Sahli. 
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A  yellow  colour  has  been  met  with  in  tuberculous  meningitis 
where  red  cells  were  not  abundant,*  and  in  a  case  of  cerebral 
haemorrhage  which  had  perforated  into  the  meningeal  cavity. f 

A  red  colour  has  been  met  with  in  a  case  of  subarachnoid 
hfemorrhage.  If  the  blood  is  accidentally  present  the  colour  is 
paler.  J 

Turbidity  is  generally  due  to  a  great  increase  of  pus-cells. 

The  following  table  shows  some  of  the  characters  possessed 
by  the  cerebrospinal  fluid  in  cases  of  epidemic  cerebrospinal 
meningitis,  as  observed  by  H.  v.  Bennecke : 


Naked-eye  Characters. 


Albumen. 


Neutro- 
philes. 


oj  A  2 
£  0) 

a 


Lympho- 
cytes. 


I 

Very    turbid ;    flakes  and 

threads  on  standing 

99% 

Trace 

c 

-1- 

2 

Very  turbid  ;  flakes 

68 

2 

+ 

3 

Turbid;  flakes 

Moderate 

99 

Trace 

0 

4 

Slightly  yellow;  only  a  sus- 
picion of  flakes  ... 

rL  (Esbach) 

8 

8 

84 

+ 

5 

Fairly  turbid 

99 

Trace 

0 

6 

Turbid;  flakes 

80 

Trace 

21 

7 

Slightly  turbid;  a  few  flakes 

90-95 

0-5 

4-4"S 

+ 

Percentage  Composition. — From  some  analyses  by  Halli- 
burton we  learn  that  cerebrospinal  fluid  contains  about  99-0  per 
cent,  of  water  and  i  per  cent,  of  solids,  of  which  o-8  per  cent,  is 
formed  of  extractives  and  salts,  the  remaining  0-2  per  cent, 
consisting  of  proteid  matter. 

Proteid  Constituents.— Much  dispute  has  arisen  as  to 
whether  albumen  is  present  or  no,  but  it  may  be  assumed,  from 
the  investigations  of  Quincke,  Riecken,  Guniprecht,  Lenhartz, 
Nawratzki,  Babesch,  and  others,  that  cerebrospinal  fluid  normally 
contains  0-2  to  i  per  mille  of  albumen,  while  the  amount  rises 
higher  than  this  in  meningitis,  in  tumour  cerebri,  in  apoplexy, 
and  in  paralytics  (Esbach's  method). 

Frenkel-Heiden  examined  the  cerebrospinal  fluid  from  various 
cases  of  nervous  disease,  especially  as  regards  the  amount  of 
albumen  and  the  total  nitrogen-content.  The  albumen  was 
precipitated  by  adding  10  to  15  times  the  bulk  of  absolute  alcohol, 


*  Nissl. 


t  Sicard. 


X  Siemerling. 


1 68 
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and  allowed  to  stand  24  hours.  The  following  results  were 
obtained  :  * 


Albumen-Content  of  Cerebrospinal  Fluid  (Fuenkel-Heiden) 


Below  1% 

I  to  2% 

2  to  2-8% 

Above  2-8  % 

Dementia  Paralytica 
TuberculQus  Menin- 
gitis 
Pontine  Tumour 
Amaurotic  Idiocy 
Normal  f 

Tuberculous  Men- 
ingitis (2  cases)  J 
Tubercle  of  Brain 

(3  cases) 
Glioma  Cerebri 
Serous  Meningitis 
Pachy  me  ningitis 

Hseraorrhagica 
Acute  Amentia 

Tabes  Dorsalis 
Tuberculous  Men- 
ingitis (2  cases)  I 
Tubercle  of  Brain 

Dementia 
Paralytica 

Above  3%„  in- 
dicates a 
definite  in- 
flammatory 
condition  } 

The  maximum  values  are  found  in  a  case  of  general  paralysis 
of  the  insane  and  in  one  of  tuberculous  meningitis,  but  no  con- 
stant-values for  particular  classes  of  fluid  were  obtained.  He 
lays  the  chief  stress  on  the  variations  in  residual  nitrogen,  which 
was  always  conspicuous  in  amount,  and  a  comparison  of  the 
distribution  of  the  nitrogen  over  the  albumen  or  the  urea  showed 
that  in  a  case  of  positive  tumour  there  was  sixteen  times  as  much 
nitrogen  attached  to  the  urea  as  there  was  to  the  albumen,  while 
in  other  cases  the  reverse  condition  was  noted. 

The  following  ratios  are  obtained  §  from  the  analyses  made 
by  this  author  : 


Disease. 

Total  Nitrogen 

Total  Nitroeren 

Urea-nitrogren 

Albumen-nitrogen. 

Urea-nitrogen. 

Albumen-nitrogen. 

Tubercular  Meningitis  ... 
Simple  Meningitis  II 
General  Paralysis 
Pontine  Tumour  II 

1-8 
I  '02 

i6-5 

2-56 
1  -22 
I  -2 
1-62 

07 
2'S2 
0-85 
16  0 

The  precise  indications  as  to  particular  diseases  from  the  albumen- 
content  such  as  are  given  by  Rieken  are  too  artificial. 

*  The  classification  is  my  own. 
t  Quincke. 

+  Fiirbinger  says  that  more  than  i  per  miUe  of  albumen  means  tuber- 
culous meningitis.  ,  ■  u 

§  I  do  not  reproduce  the  actual  figures,  as  the  ratios— which  the 
author  of  the  paper  does  not  work  out— seem  more  interesting  and  striking. 

II  The  value  for  total  nitrogen  in  these  cases  is  less  than  that  for 
albumen-nitrogen  -I-  urea-nitrogen.    Surely  an  error. 
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Globulin  is  always  present,  and  the  amount  of  it  which  is 
present  has  been  utihsed  by  Nonne  and  Apelt  for  diagnostic 
purposes.  They  employ  ammonium  sulphate  as  a  precipitant, 
using  the  abundance  of  the  precipitate  as  a  measure  for  the 
amount  of  globulin.  The  fluid  is  mixed  with  an  equal  quantity 
of  saturated  ammonium  sulphate.  If  a  turbidity  appears  in 
three  minutes,  the  reaction  is  positive.    (Phase  I.  reaction.) 


The  Globulin-re.^ction  in  Cerebrospinal  Fluid  * 


Nonne* 

s  Cases. 

Literature. 

Disease. 

No.  of 
Cases. 

%  of 
Cases 
where 
Phase  I 
Reaction 

was 
Positive. 

No.  of 
Cases  Ex- 
amined. 

%  of  Cases 
in  which 
Lympho- 

cyteswere 
Present. 

No.  of 
Cases. 

%  of  Cases 
in  which 
Lympho- 

cyteswere 
Present. 

56 

97 

331 

98 

Dementia  Paralytica 

22 

100 

76 

95 

95 

95 

Tabes  Dorsalis 

17 

93 

36 

75 

14 

80 

Lues  III. 

15 

92 

c 

40 

76 

40 

Lues  II. 

5 

20 

2 

100 

IS 

100 

Lues  Congenita 

2 

100 

35 

33 

18 

44 

Healed  Lues 

18 

0 

19 

4 

17 

6 

Alcoholism 

12 

0 

13 

15 

21 

15 

Idiopathic  Epilepsy 

10 

0 

12 

33 

IS 

23 

Apoplexia  Sanguinea 

14 

23 

IS 

24 

Sclerosis  Multiplex 

5 

40 

14 

65 

Tumor  Cerebri 

3 

33 

20 

0 

37 

0 

Neurasthenia,  Hysteria 

12 

0 

5 

0 

6 

0 

Health 

12 

0 

It  is  convenient  to  add  acetic  acid  to  the  -filtrate  resulting 
from  ammonium  sulphate  ;  boiling  will  bring  down  the  albumen, 
and  it  may  be  estimated  by  weighing.! 

Siemerling  uses  magneshim  sulphate  as  an  indicator  of  the 
character  of  cerebrospinal  fluid.  If  a  saturated  solution  of 
magnesium  sulphate  be  added  to  normal  cerebrospinal  fluid, 
and  the  mixture  filtered  and  boiled,  the  filtrate  will  remain  clear 
in  normal  cases,  while  if  from  a  case  of  dementia  paralytica, 
it  will  become  turbid.  The  addition  of  acetic  acid  causes  a 
precipitate  of  serum-globulin. 

Protalbumose. — Deutero-albumose  has  been  occasionally 
met  with  by  Halliburton  and  by  Donath. 

Variaiions  in  Composition  on  Successive  Tapping. — Halliburton 

*  From  MUnch.  med.  Woch.,  1907,  p.  42. 
t  Nissl. 
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found  the  specific  gravity  to  rise  and  the  amount  of  proteid  to 
rise  from  -045  per  cent,  to  -069  per  cent,  and  -072  per  cent,  in  a 
•case  of  chronic  hydrocephalus  which  was  tapped  at  intervals.  He 
found  the  reducing  substance  (see  below)  also  to  increase  in 
amount  under  these  circumstances,  being  only  present  in  trace 
to  begin  with. 


Composition  of  Cerebuospinal  Fluid  in  Hydrocephalus 


Dry  Substance. 

As'i. 

Albumen. 

Author. 

Remarks. 

0-9  + 

084 

0'12 

GrOber 

Mean  of  17  specimens 

I  09 

078 

0-31 

0-97 

078 

o-i8 

Neumeister 

Nudeo- albumen  is  found  only  in  tubercular  meningitis,* 
and  it  is  convenient  to  precipitate  it  when  searching  for  tubercle 
bacilli,  as  they  will  become  entangled  in  the  precipitate. 

Reducing  Substance. — Halliburton  extracted  this  substance 
'by  using  alcohol  as  a  precipitant.  The  residue  is  dissolved  in 
water  and  extracted  by  the  use  of  neutral  lead  acetate,  when, 
after  removal  of  the  lead  by  HoS,  the  filtrate  can  be  shaken 
with  ether.  He  considers  the  substance  to  be  pyrocatechin, 
since  it  does  not  give  a  compound  with  phenylhydrazin.  Iron 
perchloride  gives  a  green  colour,  and  potash  gives  a  brown 
colour. 

Lannois  and  Boulard  state  that  glucose  is  present  to  the 
extent  of  0"4  to  0"5  per  cent,  in  normal  cerebrospinal  fluid,  and 
that  it  may  disappear  from  the  fluid  when  meningitis  develops. 

Galactose  was  found  in  hydrocephalus  fluid  by  Langstein. 

Lactic  Acid  has  been  found  to  be  always  present  in  cerebro- 
spinal fluid  by  Lehndorff  and  Baumgarten,  though  it  is  specially 
abundant  in  cases  of  meningeal  inflammation. 

Carbaminic  acid  was  found  in  a  case  of  eclampsia. f 

Bile-pigments  and  bile-acids  have  been  found  in  cases  of 
jaundice.  I 

Cholin. — The  discovery  of  choUn  in  cerebrospinal  fluid  by 
Halliburton  and  Mott  in  cases  of  organic  nervous  disease,  as 
opposed  to  functional  disease,  is  the  most  important  advance 
in  our  knowledge  of  the  chemistry  of  cerebrospinal  fluid.  The 

*  Sahli.  t  N.  B.  Kofmann. 

+  Gilbert  and  Castaignc. 
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cholin  is  derived  from  the  breaking  down  of  nervous  tissue  (see 
Section  I.  under  Lecithin). 

In  order  to  detect  it,  the  fluid  is  treated  with  absolute  alcohol, 
and  the  extract  evaporated  to  dryness.  Alcohol  is  again  added, 
and  the  process  repeated  several  times,  the  last  alcoholic  solution 
being  treated  with  an  alcoholic  solution  of  platinum  tetrachloride, 
when  a  yellow  precipitate  results.  This  is  washed  with  alcohol 
and  dissolved  in  15  per  cent,  alcohol.  On  concentration  yellow- 
crystals  of  the  double  chloride  of  cholin  and  platinum  separate 
out.  To  distinguish  these  microscopic  crystals  from  a  similar 
potassium  double  salt,  a  strong  solution  of  iodine  in  potassium 
iodide  is  added,  when  dark  brown  dichroic  plates  of  cholin 
periodide  (C5H14NOI  .  18)  result,  while  the  potassium  salt  does 
not  alter.  On  standing,  the  cholin  periodide  breaks  up  into  oil- 
globules.  A  simpler  method  of  differentiation  is  to  look  at  the 
crystals  with  the  polarising  microscope,  when  the  cholin  salt 
comes  out  bright  and  the  potassium  salt  becomes  invisible 
{Rosenheim's  recent  method  of  identifying  cholin  by  the  use 
of  alloxan  is  apparently  not  reliable). 

The  presence  of  excess  of  potassium  salts  in  cerebrospinal 
fluid  is,  however,  regarded  by  Halliburton  and  Mott  as  in  itself 
evidence  of  nervous-tissue  destruction. 

Other  Tests. — (i)  Make  a  saline  solution  of  the  alcoholic  extract  and 
inject  it  into  an  animal.  If  cholin  be  present,  the  arterial  pressure  will 
fall,  a  phenomenon  which  will  be  prevented  by  a  preliminary  dose  of 
atropine. 

(2)  Dissolve  in  alcohol  and  treat  with  concentrated  alcoholic  picro- 
lonic  acid.    A  precipitate  of  cholin  picrolonate  is  produced.* 

Ferments. — A  diastatic  jerment  has  been  described  by 
Cavazzani  and  Grober  as  present  in  the  fluid  of  chronic  hydro- 
cephalus. 

Anti ferments  have  been  found  in  tuberculous  meningitis  by 
Miiller,  whUe  they  are  absent  in  cerebrospinal  fever.  In 
syphiHtic  nervous  disease  Weygandt  found  that  antibodies  are 
present — that  is  to  say,  certain  albuminous  substances  in  the 
normal  spleen  interfere  with  haemolysis,  especially  when  the 
cerebrospinal  fluid  of  a  tabetic  is  added.  According  to  Merii 
and  Levaditi,  73  per  cent,  of  cases  of  general  paralysis  of  the 


*  Otori. 
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insane  contain  these  antibodies,  and  66  per  cent,  of  cases  of 
tabes  contain  them. 

Inorganic  Constituents. — Sodium  chloride,  sodium  car- 
bonate, sodium  phosphate,  and  earthy  phosphates  are  met  with. 
The  potassium  salts  are  increased  in  amount  in  organic  nervous 
disease  according  to  Halliburton.  The  ratio  between  Na  and  K 
has  been  made  out  by  various  authors  to  be  i  :  2*43  (C.  Schmidt), 
I  :  21-6  (Yorn),  i  :  21-5  (F.  MiiUer),  i  :  33-3  (Halliburton).  It 
must  be  remembered  that  this  excess  of  potassium  salts  which 
has  been  described  is  only  relative  ;  the  sodium  salts  are  abso- 
lutely in  excess  in  all  cases. 

Physico-chemical  Characters  of  Cerebrospinal  Fluid. 

The  Osmotic  Concentration. — Observations  by  Fuchs  and 
Rosenthal  in  different  diseases  have  given  the  following  results  : 


Disease. 

Freezing-point 
Depression. 

Osmotic 
Concentration.* 

Pressure  in 
Atmospheres.* 

Tubercular  Meningitis  ... 

046 

•248 

5-5 

Dementia  Paralytica 

0-S4 

■291 

6-5 

Chronic  Alcoholism 

0-S4 

•291 

6-5 

Epilepsy  ... 

0-52 

■281 

6-2 

Various  Cases 

0-53 

•286 

6-3 

3898  f  Tubercular  Meningitis  ... 
3899!  Old  Cerebellar  Abscess  ... 

0337 
0-524 

•181 
•283 

4-0 
6-3 

The  Electrolytes. — Observations  of  cases  in  the  Leeds  General 
Infirmary  have  given  the  results  shown  in  the  table  on  next  page. 

These  results  show  that  the  achloride  electrolytes  are  always 
very  scanty,  whether  the  meninges  be  affected  or  no.  The  amount 
of  chlorides  is  usually  high  and  the  total  concentration  of  electro- 
lytes is  also  considerable.  The  last  column  shows  a  very  great 
uniformity  in  the  different  cases. 

The  electroconductivity  varies  with  the  freezing-point 
depression,  except  in  cases  of  meningitis. 

Ionic  Acidity.— Fok  records  the  following  values  in  a  case  of 
normal  cerebrospinal  fluid : 

TT  log.  Ch  Ch  X  .0-8 

•1428  7-2234  5-97  or  6-35 

Titration  against  tornasole  gave  an  alkalinity  of  —  KOH. 

*  I  have  added  these  values.  t  Own  observations. 
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Viscosity. — Too  few  deter- 
minations have  been  made  to 
allow  any  deductions  to  be 
made.*  In  a  case  in  this 
hospital  the  viscosity  was 
foimd  to  be  i"22,  taking  water 
as  I. 

CYSTIC  FLUIDS 

Ovarian  Cysts. — At  the 

present  day  the  composition 
of  ovarian  cysts  is  a  subject  of 
comparatively  little  import- 
ance. From  the  theoretical 
standpoint,  however,  their 
colloidal  contents  possess  very 
great  interest.  It  does  some- 
times happen,  nevertheless, 
that  a  fluid  supposed  to  be  a 
peritoneal  effusion  is  really 
derived  from  an  ovarian  cyst, 
so  that  the  chemical  and  other 
characteristics  of  this  class 
of  fluid  demand  consideration. 
Among  cystic  fluids,  many 
varieties  of  which  call  for  study, 
the  ovarian  cysts  are  the  most 
frequent  and  possess  the  most 
decided  characters. 

The  numerous  varieties  of 
ovarian  cysts  which  have  been 
described  by  gynaecologists 
frequently  show  perfectly  dis- 
tinct varieties  of  contents.  The 
unilocular  cysts,  as  a  rule, 
contain  perfectly  clear  and 
watery  fluid,  while  the  multi- 
locular    cysts    may  contain 

*  Fuchs  and  Rosenthal. 
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different  forms  of  extremely  mucinous  material  in  the  different 
loculi ;  thus,  in  one  cavity  there  may  be  a  jelly-like  mass, 
another  may  contain  a  mucilaginous  clear  fluid  which  will 
just  pour,  another  may  contain  a  bright  green  solid  jelly, 
and  so  on.  This  is  a  rather  remarkable  fact,  and  a  section 
through  a  cyst  of  this  kind  consequently  furnishes  a  very  striking 
appearance.  The  explanation  of  such  features  may  be  found  in 
the  character  of  the  lining  cells,  for  in  some  cases  there  is  an 
abundance  of  goblet-cells  in  the  epithelium,  while  in  others 
there  is  relatively  little.  In  other  cases,  again,  the  epithelium 
is  perfectly  intact  and  stains  beautifully  in  the-  histological 
preparation  (Fig.  lo),  while  in  other  cases  the  epithelium  is 
practically  universally  dead,  the  only  indication  of  the  structure 
of  the  original  cyst  being  the  connective-tissue  strands  which 
separate  the  locules. 

It  seems  so  remarkable  that  there  should  be  these  absolute 
differences  in  the  physical  characters  of  the  fluid  in  different 
loculi  of  the  same  cyst  that  the  question  must  be  worth  dis- 
cussing.   In  order  to  arrive  at  any  opinion,  we  shall  have  to 
discuss  certain  properties  of  colloids,  and  discuss  also  the  histo- 
logical appearances  in  the  cysts.    In  the  first  place,  the  problem 
may  be  merely  one  of  a  conversion  of  a  sol  into  a  gel  (in  this 
instance,  of  course,  a  hydrosol  into  a  hydrogel),  but  if  we 
endeavour  to  ascertain  what  explanation  there  is  to  be  had  for 
the  change  from  sol  to  gel  in  general  we  find  that  there  are  abun- 
dant theories,  but  that  very  little  is  really  definitely  under- 
stood.   Perhaps  the  simplest  explanation  is  one  which  takes 
into  account  the  surface  tension.    We  have  akeady  mentioned, 
when  discussing  the  difficulties  of  removing  albumen  com- 
pletely, that  when  mastic  is  gradually  added  to  an  albuminous 
solution,  the  particles  of  mastic  become  distributed  over  the 
particles  of  albumen  (hydrosol)  without  any  visible  change 
occurring  until  a  certain  point  has  been  reached,  when  the  amount 
of  mastic  causes  the  separation  of  the  proteid,  the  particles 
of  the  latter  having  become  exceeded  in  number  by  the  former, 
so  that  no  more  distribution  of  mastic  can  take  place.  The 
same  may  hold  in  the  colloid  of  ovarian  cysts.    The  addition 
of  electrolytes,  for  instance,  from  the  circulatmg  blood  may 
result  in  the  conversion  of  the  hydrosol  mto  the  hydrogel,  the 
process  being  one  of  modification  of  the  electrical  charges  origm- 


Fig.  io. — From  a  Cysto  Adenoma  Papilliforum  Ovarii, 

to  show  actively  secreting  goblet-cells  ;  the  secretion  here  encounters  no  undue  pressure. 

a,  a,  epithelial  cells  ;  b,  supporting  tissue  of  the  filamentous  process  ;  c,  capillary  : 
d,  mitotic  figiu-e  in  a  goblet-cell,  partly  beneath  the  plane  of  the  section  ;  e  lies  in  the 
cavity  of  the  cyst.  Only  the  basal  portions  of  the  cells  of  a'  are  to  be  seen.— Zeiss 
Homogen  Imm.,  Oc.  4. 


a. 


e 


1^ 


Fig.  II.— Fiom  a  Multilocular  Ovarian  Cyst. 

n„Z"-!'^''''"''°f,  "1.°'"  """""S  '"'^"'"^  «  f™>"  loculus  b.  and  on  each  side 

there  LS  an  ep.thel.al  covering,  d  and  The  former  is  composed  n.ainlv  of  gobl^t- 
ce  ls  .n  a  smgle  row,  and  the  latter  of  flattened  cubical  cells,  also  i„  a  s  nl  1- ve^ 
The  stroma  /  is  fa.rly  dense,  and  a  capillary  ,  is  seen  in  it.  kn.ong  the  gob  et  ceiu" 
.  IS  conspicuous  by  ,ts  sharp  contour,  and  by  the  exuded  drops  of  secrfuon  Th^ 
difference  m  the  character  of  the  secretory  cells  of  the  two  cysts  is  striving  and  n'av 
be  used  as  showmg  the  effects  of  pressure  from  excessive  secretion  in  l^e' lo  ul  I  a 
although  .t  ,s  m  juxtaposition  with  loculus  a.  where  there  is  no  evidin,  '  ■ 

pressure.    In  both  cases  there  were  gelatinous  con  ^ts 


To /ace  page  174. 
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ally  possessed  by  the  particles  of  "  colloid,"  *  now  become  so 
large  that  they  aggregate  into  a  solid  substance. 

In  the  case  of  the  capillary  electrometer,  where  the  electrical 
charges  of  surface  tension  come  into  play,  there  is  at  the  junction 
of  mercury  with  acid  a  double  electrical  layer,  which  is  influenced 
by  an  incoming  electrical  current  (change  of  potential)  when  the 
instrument  is  used.  A  loss  of  the  positive  charge  of  the  mercury 
meniscus  causes  its  surface  to  tend  to  assume  a  smaller  size. 
So  with  colloids :  according  to  Bredig,  the  particles  of  colloid 
are  surrounded  by  water,  and  the  junction  line  possesses  an 
electrical  double  charge.  If  the  negative  charge  of  the  colloid 
particle  be  neutralised  the  surface  of  the  particle  will  endeavour 
to  shrink  from  the  surrounding  water,  and,  meeting  with  other 
particles  will  tend  to  associate  into  complex  groups,  till  by  a 
continuation  of  the  change  in  electrical  sign  we  ultimately  arrive 
at  a  point  at  which  the  aggregations  of  particles  have  attained 
so  large  a  size  that  they  fall  out  as  a  gel. 

This  would  merely  be  part  of  what  seems  to  be  a  general 
fact,  and  has  much  to  do  with  the  elucidation  of  problems  of 
immunity,  namely,  that  a  continuous  change  can  be  produced 
in  a  colloid  without  the  slightest  indication  to  the  naked  eye, 
as  it  were,  until  a  certain  point  is  reached,  when  the  conditions 
are  so  strained  that  coagulation,  or  precipitation,  or  what 
not,  takes  place,  f 

The  fact  that  electrolytes  have  something  to  do  with  this 
change  of  sign  demands  no  more  detailed  consideration  in  this 
place,  because  the  process  is  the  same  as  described  above,  and 
it  is  speculation  to  consider  whether  more  chlorides  or  less, 
or  more  phosphates  or  less,  or  more  or  less  of  any  other  salts, 
do  at  any  particular  time  enter  into  the  contents  of  loculi. 

The  most  evident  feature  of  the  walls  of  these  cysts  on  micro- 
scopic examination  is  the  goblet -cells  to  which  we  have  referred 
already,  although  they  deserve  a  more  careful  consideration. 
There  is  a  decided  secretory  activity  going  on  in  all  quarters 

*  It  is  a  pity  that  the  term  "  colloid  "  should  be  applied  to  the  material 
in  ovarian  cysts  at  the  same  time  as  it  is  applied- to  matter  in  a  definite 
physical  state. 

t  In  boiling  egg-white,  for  instance,  one  is  disturbing  the  electrical 
fffi'^^,.  !  particles.  This  again  illustrates  what  I  contend  is  the 
difficulty  in  chemical  study  of  fluids.  We  do  not  realise  that  even  simple 
boilmg  may  be  exerting  very  far-reaching  effects. 
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— cells  nearly  all  laden  with  secretion,  others  emptied,  others 
showing  active  mitotic  figures.  The  secretion  is  presumably 
fluid,  even  though  viscid.  Can  this  secretion  become  solid 
(gel)  as  a  result  of  the  processes  detailed  above,  or  may  there 
be  another  cause  ?  For  instance,  there  is  a  possibility  that 
the  secretion  may  continue  to  such  an  extent  within  a  limited 
sized  cyst  that  enormous  pressure  is  mechanically  exerted  by 
the  non-expanding  cyst  wall  on  its  contents.  Such  condition 
could  well  vary  in  different  loculi,  and  a  difference  in  viscidity 
of  adjoining  cysts  would  hinder  or  allow  expansion  of  the  neigh- 
bouring cysts.  In  this  connection,  then,  the  first  problem  is 
that  of  discovering  whether  enormous  pressure  can  alter  the 
state  of  a  colloidal  substance,  and  if  so,  by  what  means,  and 
the  second  is  a  histological  one,  namely,  as  to  whether  there 
is  any  evidence  of  pressure  in  these  cysts. 

In  answer  to  the  first  question,  we  may  refer  to  the  observa- 
tion made  by  Pauli,  that  the  delicate  layers  of  intercellular 
material  which  surround  cartilage  cells  may  come  to  exert 
enormous  pressures  when  they  absorb  or  gradually  give  off 
water,  as  is  shown  in  the  process  of  formation  of  compact  bone. 
Thus,  some  proteid  matter  was  forced  into  steel  tubes  under 
enormous  pressure,  and  became  so  ivory-like  that  it  could  be 
worked  with  tools. 

Again,  it  has  been  computed  that  in  order  to  remove  the 
merest  suspicion  of  water  from  gelatine  which  has  taken  up 
8-4  parts  in  the  100  of  water,  would  require  a  pressure  of  more 
than  200  atmospheres  * 

We  have,  then,  to  take  the  factor  of  imbibition  into  account 
as  a  possible  one  in  the  production  of  the  jelly-like  matter  of 
ovarian  cysts.  That  is  to  say,  the  coUoidal  matter  secreted  by 
the  goblet-cells  may  take  up  water,  and  in  so  doing  become 
so  swollen  up  in  a  given  space  that  it  has  become  of  the  con- 
sistence of  a  jelly.  Under  this  supposition,  the  particles  of 
coUoid  take  up  water  like  bibulous  paper,  for  instance  :  each 
molecule  not  only  becomes  increased  in  size,  but  there  is  less 
water  remaining  in  solution. 

The  laws  governing  the  process  of  imbibition  of  water  by  a 
colloid  such  as  agar  have  been  expressed  in  the  following  mathe- 
matical formula  by  Hofmeister  :  Let  W  be  the  weight  of  water 

*  Nagel. 


Fig.  12.  —From  a  Cysto  Carcinoma  Ovarii. 

The  drawing  shows  the  epithelium  covering  one  side  of  the  fibrous  trabecula,  which 
separates  one  loculus  from  another.    The  growth  is  not  papiUiferous. 

The  minute  cyst  a  is  enclosed  by  goblet-cells  i,  b,  b,  in  varying  stages  of  secretion. 
Some  are  empty,  others  swollen,  and  the  exuded  secretion  can  be  seen  adliering  round 
the  stomata  of  the  cells.  In  some  of  the  cells  there  appear  to  be  minute  channels 
(rather  too  dark  in  the  drawing),  through  which  the  secretion  has  to  pass  before 
enterin"  tlie  cavity  a.  c,  basal  cells,  probably  about  to  form  goblet-cells  ;  d,  fibrous 
trabecula  supporting  the  epithelium.  This  trabecula  consists  mainly  of  short  spindle 
cells  with  slender  nuclei,  and  lymphocytes  e.  e,  e  (exuded  from  the  walls  of  the  capil- 
lary R),  infiltrate  the  fibrous  tissue,    g,  mesial  cells  of  the  stratified  epithelium,  h, 

mitotic  figures.  ,  .  ,  .       ■  , 

The  specimen  shows  the  commencing  formation  of  a  cyst,  which  is  going  to  ex- 
pand not  only  by  excess  of  secretion,  but  also  by  Uie  actual  growUi  of  the  epithelium. 
In  this  case  the  jelly-formation  is  due  to  a  subsequent  change  in  the  original  mucinous 
secretion. 
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absorbed,  during  a  time  t,  and  P  be  the  maximum  amount  of 
turgescence  possible  at  the  given  temperature,  and  D  the  thick- 
ness of  material  which  is  taking  up  the  water  in  millimetres, 
then — 


where  k  is  a  constant. 

In  order  to  work  this  formula  out  for  the  conditions  which 
exist  in  the  case  of  ovarian  cysts,  several  experiments  would,  be 
necessary.  We  will,  however,  pass  on  to  consider  the  second 
question — whether  there  is  any  evidence  of  pressure  within  the 
cysts.. 

In  many  examples  with  which  one  meets,  the  pressure  exerted 
by  the  contents  makes  itself  very  evident  by  the  spurt  which 
results  on  making  an  incision  into  a  cyst,  and  it  is  remarkable 
how  flaccid  are  the  walls  in  the  case  of  some  jeUies,  while  in 
other  cases  the  material  at  once  swells  out  on  cutting  the  tumour 
open. 

Microscopic  examination  shows  a  remarkable  richness  in 
goblet  cells,  which  consist  of  clear  cytoplasm,  and  relatively 
large  triangular  nucleus  at  the  lower  end  of  the  cell  (Fig.  10), 
while  the  upper  end  is  widely  dilated  and  contains  granular 
matter  presenting  somewhat  the  arrangement  of   a  network 
thickened  here  and  there  by  granules.    Some  of  the  contents 
can  be  seen  oozing  out  of  the  free  end  of  the  ceU,  although  in 
other  cases  (Fig.  12)  there  seems  to  be  a  cap  of  striated  sub- 
stance, as  if  there  were  numerous  minute  channels  through 
which  the  secretion  had  to  pass.    Observations  on  livhag  goblet 
cells  by  Merk  showed  that  movements  may  occur  within  the 
goblet,  the  granules  becoming  darker  or  lighter  from  time  to 
time,  while  granules  come  to  the  surface  and  explode,  as  it  were, 
becoming  discharged  mto  the  surrounding  medium,  and  lost 
m  It,  "  Hke  smoke  from  a  chimney."    This  is  well  seen  in  Fig.  10, 
and  it  indicates  that  when  the  secreted  substance  comes  outside 
the  walls  of  its  manufactory,  it  undergoes  imbibition  with  water 
and  so  alters  its  physical  characters. 

^  AU  these  cells  are  large  and  conspicuous,  though  here  and 
there  there- are  smaller  cells,  apparently  empty  (Fig.  12)  and 
m  other  places  again  (Fig.  11^),  the  cells  seem  "to  be  devoid  of 
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secreting  activity  altogether.  The  presence  of  numerous  mitotic 
figures  and  the  full  distension  of  the  goblets,  however,  show 
that  a  very  striking  degree  of  secretory  activity  is  present 
throughout  the  epithelial  lining  of  these  cysts. 

Changes  in  the  nucleus  may  also  be  observed,  and  it  has  been 
supposed  by  Krause  that  it  is  concerned  directly  with  the  process 
of  secretion.  Thus,  in  the  salivary  glands  of  cephalopods  he 
finds  that  the  nucleus  exerts  a  ferment  action  during  secretion, 
the  ferment  being  of  an  albuminolytic  nature.  During  secretion 
the  nucleus  lies  near  the  base  of  the  cell,  and  becomes  increased 
in  size  by  nearly  20  per  cent.,  besides  losing  some  of  its  staining 
power  and  showing  granulations  to  a  much  more  noticeable 
extent  than  is  the  case  in  the  resting  cell.  Then,  again,  the 
nucleolus  may  have  something  to  do  with  the  process,  being 
more  conspicuous  and  even  multiple  or  showing  a  spiral  thread- 
like structure  during  secretion  (Nussbaum). 

The  substance  secreted  is  a  mucin,  and  one  of  its  characters 
is  still  seen  in  the  case  of  jelly-containing  cysts,  where  so  much 
glucosamine  is  found.  We  may  suppose  that  the  glycoproteid 
of  the  colloid  matter  in  the  cyst  only  differs  from  ordinary  proteid 
in  having  relatively  many  more  glucosamine  radicles  per  molecule, 
and  if  this  be  so,  it  is  not  so  difficult  to  understand  how  the 
cytoplasm  may  give  rise  to  mucin.  We  may,  for  instance,  say 
that  cytoplasm  of  goblet-cell  =  x  albumen  +  y  glucosamine, 
but  secretion  of  goblet-cell  =  (x-z)  albumen  +  (y-z)  glucosamine, 
where  x  and  y  are  definite  but  not  known  quantities,  and  z  is  a 
variable,  and  not  necessarily  the  same  in  the  case  of  the  albumen 
as  it  is  in  the  glucosamine. 

That  pseudo-mucin  as  met  with  in  ovarian  cysts  with  fluid- 
contents  is  exceedingly  hke  "  paralbumen,"  or  paramucin  in 
chemical  composition,  was  shown  by  Otori,  who  found  that  both 
possessed  identical  decomposition  products.  We  may  illustrate 
this  by  the  following: 


Substance. 

C 

H 

N 

S 

0 

Author. 

Mucin  of  saliva   

1,  sputum 
Pseudo-mucin  of  ovarian  cysts 
Paramucin  of  ovarian  cysts  ... 

48-84 

48-  17 

49-  8 
51-76 

6-80 
6-91 

6-  9 

7-  76 

12-32 
10-8 
10-27 
i6-7 

0-  84 
I  -42 

1-  25 
I  -09 

31-2 

317 

3178 

28-69 

Hammarsten 

M  iiller 

Hammarsten 

M  tjukoflf 

The  paramucin  contains  more  C  and  H  and  less  O. 


Fig.  13. — From  a  Multilocular  Ovarian  Cyst. 

The  specimen  shows  several  of  the  loculi,  whidi  are  of  different  sizes,  a,  intact 
lining  epitlielium  of  decided  cubical  shape.  This  cyst  contains  semi-transparent 
contents  ;  b,  a  larger  cavity  filled  with  granular  matter  (shows  debris  of  cells  with 
high  power) — the  lining  membrane  has  disappeared  ;  c,  interstitial  tissue  densely 
infiltrated  with  mononuclear  cells  (lymphocytes,  connective- tissue  cells,  etc.)  ;  d,  a 
minute  cyst  containing  homogeneous  material,  and  devoid  of  lining  membrane. 

(The  details  of  the  original  micro-photograph  have  suffered  greatly  in  this  re- 
production.)   Mag.  80  diam. 


Fig.  14. ■ — Dead  and  Dying  Cells  from  a  Colloid  Carcinoma. 

-phis  illustrates  another  method  of  formation  of  "  colloid  "  material — direct  meta- 
morphosis of  the  necrosed  cells. 

a,  a,  remains  of  the  trabecula;  supporting  the  cells  of  the  growth  ;  b,  b,  cells  whose 
nuclei  are  still  visible,  though  their  shape  is  lost ;  c,  c,  "  shadows"  of  carcinoma 
cells ;  d,  d,  living  cells  (connective  tissue  cells,  and  other  wandering  cells).— Zms 
Homogen  Imm.  Oc.  4. 
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It  must,  however,  be  admitted  that  the  substances  which 
may  be  present  in  ovarian  cysts  cannot  be  limited  in  number 
to  the  two  indicated  on  this  table.  It  is  probable  that  there 
are  many  varieties  of  "  pseudo-mucin,"  which  may  be  shown 
by  very  slight,  but  nevertheless  distinct,  variations  in  chemical 
properties. 

The  well-development  of  these  goblet-cells  seems  to  cast 
doubt  on  the  existence  of  pressure  within  the  cyst,  whose  waU 
they  line,  but  it  nevertheless  seems  to  be  a  fact  that  even  tense 
cysts  may  show  a  perfectly  well- formed  goblet-cell  epithelium. 
This  is  contrary  to  the  well-accepted  idea  that  cavities  con- 
taining fluid  under  pressure  have  a  flattened  or  cubical  lining. 
This  may  be  so  in  many  cases,  but  it  is  certainly  not  so  in  aU. 
In  Fig.  II  it  will  be  seen  that  on  one  side  of  a  smaU  loculus 
the  cells  are  large  and  conspicuous,  while  on  the  other  side 
they  are  low  and  cubical.  In  the  latter  loculus  the  contents 
may  have  been  tightly  packed,  but  in  both  cases  there  was 
"  colloid  "  material.    (See  also  Fig.  12.) 

In  a  section  prepared  from  a  cyst  whose  contents  were  en- 
tirely gelatinous  in  consistence  (Fig.  13),  it  will  be  seen  that 
the  cells  are  large  and  well  formed.  In  another  specimen,  where 
the  fluid  spurted  out  on  opening  the  cyst,  and  there  was  an 
adenomatous  growth  (papillary)  all  over  the  walls,  the  goblet- 
cells  are  seen  to  be  pecuUarly  well  formed  (Fig.  10).  We  must 
therefore  conclude  that  the  gelatinous  material  is  due  perhaps 
to  an  excess  of  mucinous  material  in  the  secretion,  but,  never- 
theless, to  some  physical  change  which  the  secretion  has  subse- 
quently undergone.  This  change  will  be  either  one  of  imbibition 
or  will  be  due  to  a  change  in  the  electrical  properties  of  the 
material,  under  the  influence  either  of  water  or  of  some  electro- 
lyte, as  already  referred  to. 

The  question  as  to  whether  the  mucin  is  ever  derived  from 
broken-down  cells  may  be  considered  for  a  moment.  It  is  cer- 
tainly the  fact  that  if  we  search  through  the  material  in  the 
microscopic  cysts,  we  shall  find  many  desquamated  cells.  It 
may  be  presumed  that  in  the  colliquative  process  which  has 
taken  place  (Fig.  14),  special  mucinous  bodies  are  liberated, 
which  may  have  something  to  do  with  the  question.  The  fact 
that  nucleoproteid  such  as  is  met  with  in  the  substance  of 
the  nucleus  may  have  some  chemical  relation  to  the  production 
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of  mucin  is  of  interest,  though  a  comparison  of  the  formulge 
of  the  two  substances  shows  that  unless  there  are  many  carbo- 
hydrate radicles  in  the  nucleoproteid  in  question,  there  will 
not  be  a  possibility  of  its  conversion  into  mucin.  The  relative 
abundance  of  degenerating  cells,  still  less  of  shed  cells,  as  com- 
pared with  those  which  are  evidently  actively  secreting,  is, 
however,  so  small,  that  this  factor  does  not  demand  much  serious 
notice.  The  formation  of  "  colloid  "  material  must  be  referred 
to  physical  changes  occurring  in  the  mucinous  secretion  of  the 
goblet-cells  so  characteristic  of  these  ovarian  cysts. 

While  the  mucinous  substance  contained  in  ovarian  cysts 
is  usually  a  glycoproteid  of  the  type  fully  described  in  Section  I., 
Halliburton  has  described  a  case  in  which  true  mucin  is  present. 
.Hammarsten  says  that  no  mucoids  occur  in  the  cyst  if  it  be 
derived  from  the  Wolffian  body. 

The  following  analyses  by  Halliburton  will  show  the  percentage 
composition  of  the  fluids  from  various  ovarian  cysts  in  a  con- 
venient form  : 


Kind  of  Cyst. 

No.  of 
Specimens 
examined. 

Sp.  gr. 

Total 
■  Solids. 

Proteids. 

Peptone. 

c 
*5 

s 

Salts. 

Colloid 

24 

IOIO-IO38 

28-75% 

8-8-io8-3% 

0 

-1- 

6-8-7% 

Papillary 

2 

1036 

1 16-4 

102-67 

Hydrops. 

folliante  ... 

2 

1009 

Hydrops. 

tubse 

2 

looS 

105— II 

1-2 

6-7 

Fibrccystic  ... 

I 

63056* 

The  following  details  about  cases  which  have  come  under 
one's  own  observation  will  illustrate  the  characters  of  different 
types  of  ovarian  cyst. 

A  specimen  of  multilocular  papillomatous  ovarian  cyst  t 
showed  the  following  varieties  of  fluid  in  different  loculi :  (i)  a 
thin  watery  opalescent  fluid  having  a  conductivity  of  1233  (at 
25°  C.) ;  (2)  a  clear  straw-coloured  fluid  having  a  conductivity  of 
1244 ;  (3)  3-  viscid,  grumous-looking  material  with  a  conductivity 
of  1216,  and  (4)  a  jelly  of  dark  green  (fluorescent)  colour  whose 
conductivity  could  not  be  measured  with  the  apparatus.  There 

*  Fibrin  3-58  per  cent. ;  globulin,  albumen, 
t  No.  6643. 
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was  the  merest  trace  of  chlorides  in  the  watery  fluid  (o'o6  per 
mille).  The  specific  gravity  of  this  type  of  cyst-fluid  is  usually 
1020  and  the  amount  of  solids  2  to  5  per  cent.  The  colloid 
matter  is  of  course  a  glycoproteid  in  chemical  reactions,  but 
cholesterin,  urea,  and  fat  may  be  present.  , 

A  specimen  of  -parovarian  cysi  *  contained  a  clear,  highly 
albuminous  fluid  (2-9  per  cent.)  of  watery  consistence  which 
was  moderately  rich  in  chlorides.  The  conductivity  at  18°  was 
1168,  corresponding  to  an  electrolyte  content  of  0'24i.  The 
specific  gravity  is  below  loio  and  the  solids  amount  to  only 
I  or  2  per  cent.  This  type  of  fluid  contains  only  a  trace  of 
pseudo-mucin. 

A  unilocular  broad  ligament  cyst  which  had  been  known  ta 
exist  for  33  years  f  contained  a  brown  muddy  fluid  remarkably 
rich  in  cholesterin.  There  was  only  a  moderate  amount  of 
albumen,  and  the  conductivity  was  low.  The  ferment-content 
was  considerable  (see  Table  X.).  Leucin  was  found  in  this 
fluid  ;  a  trace  of  levulose  ;  the  a-naphthol  test  gave  no  definite 
test,  while  the  glucosamine  test  produced  a  well-marked  reaction. 
The  chlorides  amounted  to  3-6  pro  mille.  These  intraliga- 
mentous cysts  usually  have  a  fairly  high  specific  gravity  (1035) 
and  contain  9  or  10  per  cent,  of  solids. 

A  unilocular  cyst  with  dark  brown  fluid-contents  is  referred 
to  under  the  appropriate  headings  in  Sections  I.  and  IL 

An  ordinary  multilocular  ovarian  cyst  J  in  a  patient  aged  21, 
contained  a  clear  watery  (slightly  mucilaginous)  fluid,  of  specific 
gravity  1009.  Proteids  were  scanty  in  amount,  and  were  mainly 
albumen,  protalbumose  and  hetero-albumose  being  absent. 
There  were  marked  metalbumen  reactions.  There  was  no  urea, 
no  purin  bodies  §  or  lecithin.  The  osmotic  concentration  was' 
0-286,  the  chlorides  were  abundant  (0-145  gm.  equiv.),  and  the 
concentration  of  the  electrolytes  0-264.  No  ferments  were 
detected.  One  or  two  mononuclear  cells  were  alone  seen,  and 
some  stellar  phosphates  were  found. 

A  case  of  papillomatous  ovarian  cyst  with  an  opalescent  fluid 
contained  2  per  cent,  of  albumen,  6  pro  mille  of  chlorides,  and  a 

*  No.  8177. 
t  No.  8364. 
t  No.  7618. 

§  i.e.  detectable  in  the  quantity  of  fluid  obtained. 
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•conductivity  of  1075,  so  that  the  electrolyte-content  was  0-243. 
The  osmotic  concentration  was  'sGo.  The  usual  glycoproteid 
reactions  were  obtained.* 

Lastly,  special  reference  may  be  made  to  a  case  f  of  a  multi- 
locular^  ovarian  cyst  which  contained  cholesterin,  the  typical 
■cellular  elements,  and  had  a  remarkably  small  chloride-content 
t(-05  pro  mille),  with  a  considerable  amount  of  albumen  (2*5  per 
'Cent.).    The  concentration  of  the  electrolytes  was  '146. 

The  contents  of  dermoid  cysts  are  weU  enough  known.  Among 
many  other  substances  they  contain  oleic,  stearic,  palmitic,  and 
mj^istic  acids,  cetylalcohol,  and  cholesterin. f 

Physico-Chemical  Characters. — The  osmotic  concentra- 
tion is  similar  to,  or  most  frequently  less  than,  that  of  normal 
blood.    The  following  values  will  be  of  interest  : 

TABLE  XVIII 
Osmotic  Concentration  of  Ovarian  Cyst-Fluid 


Fluid. 


Freezing-point 
Depression. 


Ofemotic 
Concentration. 


Osmotic 
Pressure  in 
Atmospheres. 


Author. 


Cystoma  Ovarii 


Parovarian  Cyst 
Multilocular  Cyst 
Papillomatous  Cyst 


•543 
•531 
•546 
•552 

•531 
•560 


•293 
•286 
•294 
■298 
•286 
•;o2 


6-5 
6-3 

6-5 
6-6 

6-3 
67 


Zangemeister 


O.  C.  G. 


The  electrolyte-concentration  has  been  studied  by  me  in 
several  cases  where  the  cyst-contents  were  sufficiently  fluid. 
The  results  are  given  in  the  table  on  opposite  page. 

Reference  may  here  be  made  to  a  case  reported  by  Nassauer 
in  which  an  abundant  foul-smelling  fluid  was  discharged  per 
vaginam,  having  the  appearance  of  clotted  milk.  The  fluid  was 
of  a  mucoid  character  and  contained  flakes  of  coagulated  material, 
and  stiffened  linen.  He  states  that  this  fluid  was  derived  from 
a  tubo- ovarian  cyst  which  had  ruptured  into  the  tube.  There 
was  no  examination  of  the  fluid,  itself,  beyond  the  points  which 
have  been  mentioned. 


*  6151. 
t  6179- 


X  Ludwig  and  Zeynek. 
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TT     VO               Tj-      ro  0 

viii. 

Conduc- 
tivity 
of 

achlorides 
(vi.  -  vii  ). 

«       vn      0  0 

PI         —                   iO         —  00 

p                      0      NO  'J- 

vii. 

Conduc- 
tivity 
of 
iii. 

0000-^ 
N     VO     00      «      in  00 
mo             irj  m 

vi. 

Specific 
conduc- 
tivity 
of  fluid 
corrected 

n      in     0      ^  00 

TT              00       0      VO  VO 

0      0      0      >-      «  0 

V. 

No.  of 

molecules 

ions. 

•0019 
•0752 
•2640 
•0019 
•1082 
•1150 

iv. 

Degree 
of 

dissocia- 
tion 
"a" 

0      0              0      m  - 

CO      w              NO  NO 
ON     00      00       On     00  00 

iii. 

Fluid 
contains 
chlorine 
g.  aeq.  in 

litre. 

>-       0       m      -      00  — 

0                        0       u-i  NO 

0      0     -1     0     0  0 

ii. 

Nature  of  Case, 

Multilocular  Cyst 
Papillomatous  Cyst  ... 
Intraligamentous  Cyst 
Multilocular  Cj'st 
Parovarian  Cj'st 
Unilocular  Cyst 

5r  0 
3  cj 

fO      "      00  ON 

T^  m  N-  r-^  NO 
VO  «-  VO  «-  -  r1 
VO      VO       t-«      VO      00  00 
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Hcemaiometra — Zangemeister  records  a  case  of  atresia  of 
the  hymen  in  which  a  fluid  was  obtained  having  an  osmotic 
concentration  identical  with  that  of  the  blood  (0-301). 

Gelatinous  masses  have  been  described  as  occurring  in  the 
peritoneum  as  the  result  of  rupture  of  an  ovariac  cyst. 

An  interesting  case  of  this  kind  is  recorded  by  Hueter  as  occurring  in 
a  male  subject.  The  cyst  had  arisen  from  the  rupture  of  an*  appendix 
which  had  undergone  extreme  cystic  distension,  and  a  quantity  of  sterile 
mucilaginous  matter  was  found  in  the  peritoneal  cavity.  Two  other 
cases  have  been  recorded,  one  by  Frankel  and  the  other  by  Merkel. 

The  pseudo-myxoma  peritonei,  when  it  bursts  into  the 
peritoneum,  may  give  a  characteristic  appearance  to  the  puncture- 
fluid,  either  from  the  presence  of  gelatinous  masses,  or  from  the 
presence  of  a  large  amount  of  mucinous  matter.  In  this  case 
the  fluid  will  be  tenacious,  homogeneous,  yellowish  or  whitish  in 
colour,  and  give  strong  mucin  reactions,  being  completely  pre- 
cipitated by  acetic  acid.  Boiling  scarcely  alters  the  appearance 
of  the  fluid,  since  there  is  very  little  albumen  present.  There 
is  no  pseudo-mucin,  but  paralbumen  has  been  described  as 
abundantly  present  (Marchand).  The  presence  of  very  granular 
cells  may  also  be  noted  in  the  material  in  the  peritoneal 
cavity.  This  is  owing  to  the  liberation  of  the  so-called  com- 
pound granule  cells  out  of  the  cyst  cavity  into  the  peritoneal 
cavity. 

Pancreatic  Cysts. — The  most  recent  account  of  these 
cysts  is  that  which  is  given  in  the  work  on  Diseases  of  the  Pan- 
creas by  A.  W,  Mayo  Robson  and  P.  J.  Cammidge.  They  de- 
scribe pancreatic  cysts  as  being  either  true  or  false  (distension 
of  lesser  peritoneal  sac,  localised  collection  of  fluid  in  the 
vicinity  of  the  pancreas).  The  true  cysts  are  due  either  to 
retention  of  secretion,  to  hydatid,  to  new-growth,  to  hcemorrhage, 
or  are  of  congenital  origin. 

The  fluid  is  of  varying  appearance  and  consistence,  being 
sometimes  watery  and  sometimes  of  mucous  or  gelatinous  con- 
sistence. The  colour  may  be  brownish  (as  is  usual),*  or  greenish, 
or  the  fluid  may  even  be  purulent.  The  hiemorrhagic  fluids 
probably  indicate  that  the  cyst  is  false.f   The  odour  is  stale. 

*  Lillenstein,  also  my  own  cases, 
f  Schmidt. 
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Normal  pancreatic  juice  may  contain  : 


Zilw4.  Schumm. 


Glassner. 


Specific  gravity  ... 
Freezing-point  depression 
Water 

Dry  matter... 
Albumen  ... 
Nitrogen 

Ash  

Organic  matter  soluble  in  alcohol 
Alkalescence  in  terms  of  soda  ... 


1009 

1007 
0-46° 

o-6i° 

9S-S% 

98-5% 

987% 

I  "5 

'•5 

1-3 

0-0 

0- 1 

017 

0-07 

o-oS 

o-i 

1  -0 

0-85 

0-56 

0-56 

0-51 

0-49% 

0-45% 

1007 

0-  49° 

987%- 

1-  3 
013 
o-o8 
07  . 
0-42 


The  fluid  contained  in  a  pancreatic  cyst,  on  the  other  hand,, 
may  have  the  following  composition  : 


Specific  Gravity  ... 
Solids 

Ash  

Organic  Matter 


Albumen 
Globulin... 
Mucin 

Albumose  ... 

Urea 

Uric  acid  ... 
Sugar 
Acetone 
Fat  and  Cholesterin 


lOIO  — 1020—  1060 

^Chlorides   

...    24- 1 -23-8%  Phosphates  

6-2—  9  2    J  Sulphates   

17-0  i8-r     I  Calcium  and  Magnesium 

^       Iron  \^ 
ICopper  J 

5-2% 
0-6 

present 

3°/oo  {no  peptone) 
Traces  0-14% 
Trace 
None 


5-8 
o'i6 

Traces 

Traces. 


005 
o-i6 


Several  cases  of  pancreatic  cyst-fiuid  which  have  been 
exammed  gave  the  following  analysis  : 


TABLE  XX 
Pancreatic  Cyst-Fluids 


No. 

Reaction. 

Colour. 

Sp.  pr. 

Albu- 
men. 

Ferments. 

Freezing- 
point 
Depression, 

Chol- 
esterin. 

Blood.. 

Mucin. 

8309 

Alkaline 

dark 

8347 

5744 
5919 
4157 

M 
M 

n 
ft 

brown 
dirty 

brown 
dark 
straw 
bile- 

stained 

1022 

1022 
1012 
lOIO 

S'95% 

2-6 
lo-o 

invertase, 
trypsin 
trypsin 
trypsin 

trypisn 

0-401 

+  + 

+  + 
0 
0 

0 

0     00+  + 

+ 

Trace 

The  solid  material  from  two  specimens  was  found  to  consist 


i86 


STUDIES  IK  PUNCTURE-FLUIDS 


of   fatty    acids    or   their   salts,   cholesterin,  and  potassium 
■carbonate. 

Another  specimen,  having  a  specific  gravity  of  1012,  con- 
tained a  maximum  quantity  of  albumen,  but  neither  sugar  nor 
cholesterin.  This  fluid  coagulated  spontaneously.  Proteo- 
lytic ferment  was  detected. 

The  ferment-content  of  such  fluids  is  the  most  characteristic 
property  which  they  possess.  The  following  ferments  may  be 
iound  : 

Trypsin  is  generally  present,  but  may  be  absent,  especially 
in  cystic  adenoma  of  the  pancreas.* 
Pepsin  has  been  found  (Schmidt). 

Diastase. — Equal  parts  of  starch  paste  and  fluid  will  give  a 
reaction  with  filtering  in  an  hour  (Schumm).  This  ferment  is, 
Taowever,  present  in  many  fluids  (see  Section  L  Table  X.)  and  was 
not  found  in  a  case  described  by  Lillenstein. 

■Lipase  has  been  looked  upon  as  characteristic  of  this  class  of 
cyst,  though  reference  to  Table  X.  will  show  that  it  has  been 
met  with  in  other  fluids. 

The  method  of  testing  for  these  ferments  has  already  been 
gone  into  sufficiently  fully  in  Section  I. 

Other  Constituents. — Chlorides  are  scanty;  phosphorus 
is  not  present,  f 

Hsemin  crystals  have  been  obtained  from  the  deposit  in  these 
fluids,  and  cholesterin  may  be  readily  detected  on  evaporation 
of  an  ethereal  extract  % 

*  Robson  and  Cammidge. 

f  Schumm. 

J  Tests  for  Cholesterin. 

(1)  Cone.  H2  SO^  and  a  trace  of  iodine  turn  the  crystals  violet,  then 
"blue,  through  green  to  red. 

(2)  Hesse-Salkowski. — Dissolve  in  chloroform  and  let  cone.  H^SO,  run 
in.  Shake  a  little.  The  chloroform  turns  blood-red,  then  cherry-red, 
and  the  acid  becomes  fluorescent  (moss-green).  Pour  the  chloroform 
into  a  watch-glass,  when  the  colour  passes  through  blue  and  green  to  violet. 

(3)  Deniges. — Dissolve  in  chloroform  and  add  ^  vol.  eonc.  H,SO^. 
Now  add  a  few  drops  of  acetic  anhydride  to  the  chloroform  layer.  A 
brilliant  red  turns  to  a  blood  colour  in  H.,SO,. 

(4)  Liebermann. — Dissolve  in  acetic  anhydride.  Add  cone.  i?.,SO,  drop 
by  drop  when  cold.  The  solution  becomes  rose-red  after  a  time  and  then 
turns  blue,  and  finally  green. 

(5)  Treat  the  alcoholic  solution  with  5-methyl  furfurol  solution  and 
run  in  cone.  H.SO,.    A  rose-red  ring  appears  at  the  junction  line.  On 


LEEDS  &  WEST  RIDING 


CHARACTERS  POSSESSED  BY  VARIOU 


ETY. 


Glucose  and  Glycoproteids  were  not  present  in  Schumm's  case. 

Proteids  and  (heir  Derivatives. — While  albumen  and  albumoses 
are  present  in  varying  amount,  the  derivatives  leucin  and  tyrosin 
are  frequently  conspicuous  *  and  may  be  found  by  simply  allow- 
ing the  fluid  to  evaporate  in  a  small  watch-glass. 

The  variations  in  composition  have  been  suggested  by 
Lillenstein  recently  to  be  due  to  the  anatomical  structure  of  the 
cyst.  If  there  be  a  lining  epithelium  the  contents  will  be  different 
from  those  cases  in  which  the  fluid  has  been  extravasated  (no 
definite  lining  membrane). 

The  Osmotic  Concentration. — Pinkussohn  has  determined  the 
freezing-point  depression  of  normal  pancreatic  juice,  and  found 
it  to  vary  from  0-58  to  o-66°  C. 

It  wiU  be  seen  from  Table  XX.  that  the  fluid  from  a  pancreatic 
cyst  showed  a  depression  of  0'40i°  C,  corresponding  to  an  osmotic 
concentration  of  o-2iy.  Another  fluid  examined  from  the  physico- 
chemical  standpoint  showed  a  conductivity  of  1430  at  24*4°  C. 

Thyroid  Cysts. — A  report  of  Hoppe-Seyler's  shows  that  one 
may  expect  to  find  mucin,  7  per  cent,  proteid,  cholesterin, 
and  calcium -oxalate.  The  dark  colour  of  these  fluids  may  be 
due  to  methsemoglobin  or  even  to  altered  bile-pigment. 

Abdominal  Cysts. — This  loose  clinical  term  refers  to  all 

shaking,  the  fluid  turns  a  deep  red,  giving  an  absorption  band  beginning  just 
before  E  and  ending  at  b.    (Neuberg  and  Rauschwerger's  reaction.) 

(6)  Schifi's  reaction.— Gently  warm  with  a  little  FeCl^  and  HC]  in  a 
porcelain  capsule  till  nearly  dry.  The  edges  turn  violet-red.  Cool.  Add 
chloroform  and  some  hydrochloric  acid.  Evaporate  to  dryness  and  heat. 
The  whole  of  the  capsule  becomes  pui-ple-red,  then  blue-violet,  then  dirty 
green. 

(7)  Evaporate  with  HNO,  in  a  porcelain  dish.  A  yellow  colour  appears, 
turning  red  with  ammonia. 

(8)  Dissolve  m  glacial  acetic  acid.  Add  acetic  anhydride  and  zinc 
chloride,  a  rose-red  colour  with  a  greenish-yellow  fluorescence  appears 
especially  after  a  5'  boil.    This  test  is  more  delicate  than  test  4. 

(9)  If  mixed  with  fat,  put  the  substance  in  a  sealed  tube  with  benzoic 
anhydride.  Boil  with  alcohol  and  crystallise  out  the  residue  with  ether 
Rectangular  plates  will  be  found. 

(10)  Hirschsohn's  reaction.— A  solution  of  trichloracetic  acid  in  HCl 
gives  a  red  colour. 

(11)  Obermiiller's  reaction.— Melt  the  crystals  with  a  few  drops  of 
propionic  anhydride.    On  cooling,  violet  colour  appears,  turning  green 
orange,  and  then  copper  red.  S''^'-". 

*  Schumm,  Zeehuisen. 
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those  cysts  which  are  met  with  in  the  abdominal  cavity,  and 
whose  nature  has  not  been  determinable  at  the  operation. 

(1)  Two  specimens  which  have  been  examined  were  of  this  un- 
determined origin.  One  was  associated  with  a  carcinoma  recti, 
and  had  a  specific  gravity  of  1006,  was  of  straw  colour,  neutral 
in  reaction,  and  contained  only  a  trace  of  albumen.  Mucin, 
blood,  and  cholesterin  were  present,  and  microscopic  examination 
showed  groups  of  rounded  cells.  In  the  other  case  *  cholesterin 
crystals  also  formed  a  characteristic  feature,  though  the  chief 
examination  made  was  of  the  cells,  which  were  mainly  red  cells 
and  polynuclear  cells  (streptococcic  infection). 

One  would  be  inclined  to  regard  both  these  cases  as  having 
been  mesenteric  cysts,  though  in  the  absence  of  post-mortem 
examinations  it  is  not  certain  that  they  were  not  retroperitoneal. 

(2)  Here  may  be  mentioned  a  case  of  cystic  lymphangioma 
of  the  peritoneum  which  has  been  recorded,  and  which  is  referred 
to  by  Hueter  as  being  probably  a  mistaken  diagnosis  for  pseudo- 
myxoma peritonei  (see  p.  184),  with  gelatinous  masses  in  the 
peritoneum. 

(3)  Another  class  of  abdominal  cysts  is  formed  by  mesenteric 
cysts,  which  form  the  subject  of  an  inaugural  dissertation  by 
Theodor  Hein  (Leipzig,  1907).  In  one  cyst  of  this  kind 
Zangemeister  found  an  osmotic  concentration  of  0-299. 

A  case  of  mesenteric  cyst  was  described  in  1907  by  Niosi, 
who  points  out  that  these  cysts  are  very  important,  from  their 
occasional  simulation  of  ovarian  cysts.  There  are  several  possible 
varieties:  haemorrhagic,  chylous,  serous,  dermoid,!  hydatid, 
and  angiosarcoma,  X  and  congenital  cysts  (from  omphalo- 
mesenteric duct).  Other  forms  have  been  supposed  to  arise 
from  softening  of  the  mesenteric  glands  as  a  result  of  such  in- 
fectious diseases  as  typhoid,  tuberculosis,  etc.  The  very  ex- 
tensive literature  is  fully  quoted  by  Niosi.  The  case  which  he 
describes  at  great  length  was  one  of  a  cyst  containing  a  turbid, 
tenacious,  dark  chocolate-brown  coloured  fluid  of  specific  gravity 
1040,  and  neutral  reaction.    Its  composition  was  89  per  cent. 

*  No.  5905. 

■f  S.  Kostlivy.  rv-  »» 

t  See  Pfennig— iibcy  retroperitoneale  Dermoidzysten.     "  Inaug.  uiss. 
Bonn,  1907.    See   also  H.  Max:   Zur  Kasuistik  der  Mesenterialzysten 
(causing  pernicious  vomiting).    "  Inaug.  Diss."    Leipzig,  1907- 
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water,  10  per  cent,  organic  substances,  and  nearly  i  per  cent,  salts. 
Traces  of  mucus  and  peptone  were  found,  and  O'agS  per  cent,  of 
fat,  the  remainder  of  the  organic  matter  consisting  of  albumen  and 
globulin.  There  was  neither  urea  nor  sugar  present.  The  salts 
comprised  NaCl  676  per  cent.,  traces  of  S  and  P,  Ca  and  Fe. 
The  cellular  elements  were  granular  corpuscles  and  fatty 
epithehal  cells,  and  there  were  crystals  of  cholesterin.  Niosi 
assigns  to  this  cyst  a  congenital  origin,  connected  with  the 
Wolffian  bodies.    There  was  no  adrenal  tissue  present. 

(4)  Another  cystic  retroperitoneal  tumour  is  described  by 
HejTovsky.  The  tumour  was  the  size  of  an  adult  head^  and 
contained  mucoid  material.  It  had  existed  for  seventeen 
years,  and  was  found  to  be  a  papuliferous  cyst  containing  goblet- 
cells  which,  formed  mucus  and  then  broke  down  into  a  colloid 
carcinoma.  Retroperitoneal  cysts  are  usually  pancreatic  or 
hydatid,  but  may  be  due  to  softening  of  a  sarcoma. 

(5)  Dermoid  cysts,  arising  by  implantation  from  a  ruptured 
ovarian  dermoid. 

(6)  Haemorrhagic  cysts,  arising  after  traumatism. 

(7)  Hydatid  cysts. 

(8)  Omental  cysts,  which  may  be  eitlier  haemorrhagic  or 
dermoid. 

(9)  Peripancreatic  cysts,  due  to  closure  of  the  foramen  of 
Winslow  by  peritonitic  adhesions. 

(10)  Urachal  and  allantoic  cysts  due  to  congenital  mal- 
formations—all these  belong  to  the  class  of  abdominal  c5-sts. 
Ovarian  cysts,  pancreatic  cysts,  and  the  swelling  of  a  hydro- 
nephrosis also,  strictly  speaking,  come  under  this  head.  "  The 
characters  of  the  fluids  need  not  be  enlarged  upon  in  this  place. 

Cysts  connect€d  with  the  Liver.— These  have  been 
found  to  contain  cholesterin  if  they  are  connected  in  any  way 
with  the  biliary  passages.  Bile-pigment  may  therefore  be 
expected  as  well.  Such  characters  are  also  noted  when  the  C3''st 
is  connected  with  the  gall-bladder  itself.  Probably  these  cysts 
are  too  small  to  come  under  the  notice  of  the  clinician,  and  are 
usually  post-mortem  findings. 

Other  liver  cysts  are,  however,  met  with,  which  are  due  to 
the  breakmg  down  of  new  growths.    Hosch  records  such  a  case 
which  he  says  was  secondary  to  a  cancer  of  the  stomach. 

The  only  case  of  the  kind  which  I  have  observed  was  one 
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of  breaking  down  angiosarcoma  of  the  liver  of  enormous  size 
(No.  EE46,  Pathological  Museum,  University  of  Leeds).  The 
patient  was  aged  fifty-six,  and  he  had  had  pain  in  his  left  side 
for  four  months  before  admission  to  the  Inlirmary,  and  noticed 
a  swelling  in  the  hepatic  region  only  during  three  months.  An 
orange-sized  tumour  could  be  felt,  which  fluctuated  in  the  centre. 
A  diagnosis  of  hydatid  cyst  was  made,  but  at  the  operation 
masses  of  blood-clot  were  found  in  the  cavity,  and  these,  on 
microscopic  examination,  were  found  to  consist  of  spindle  and 
round  cells.  It  was  not  till  the  patient's  death,  which  occurred 
soon  after,  that  the  real  nature  of  the  case  could  be  appreciated. 

Bile. — In  this  connection  it  may  be  interesting  to  mention 
that  bile  has  an  electroconductivity,  ranging  from  110  to  1600  10 
at  35°C.,  the  conductivity  having  no  relation  to  the  viscosity 
or  to  the  intensity  of  the  coloration.  On  the  whole,  however, 
the  golden-coloured  biles  have  a  low  conductivity,  while  the 
dark  brown  and  dark  green  biles  have  a  high  conductivity. 

The  degree  of  dissociation  varies  from  0-25  to  0-51,  which  shows 
that  no  constant  rule  can  be  made  from  a  study  of  this  question. 

The  fact  that  the  osmotic  and  electrolyte  concentration  of 
bile  may  vary  with  the  time  of  day  shows  it  to  be  a  fluid  with 
very  variable  characters.  Thus,  Engelmann  found  a  steady 
rise  of  osmotic  concentration  from  0-308  at  7  a.m.  to  0-329  at 
2  p.m.,  after  which  there  was  a  fall  to  0-310  at  6  p.m.  and  again 
a  low  rise  to  0-319  at  8  p.m.  The  conductivity  was  -0131  at 
7  a.m.,  and  rose  to  -0138  at  2  p.m.  and  then  fell  to  -0133 
cLL  <j  p.m. 

Dilute  acetic  acid  does  not  precipitate  any  body  like  the 
serosamucin  of  Umber,  and  the  a-naphthol  test,  which  has  been 
applied,  has,  however,  given  a  positive  reaction,  though  the 
glucosamin  test  of  Ehrlich  failed  to  give  any  reaction.  A  body 
giving  the  reactions  of  pseudo-mucin  has  not  been  found. 

Renal  Cysts— A  few  of  those  which  have  been  examined 
have  shown  varying  characters.  The  chief  point  of  note  has 
been  the  absence  of  urea  or  uric  acid,  which  shows  that  these 
substances  cannot  be  relied  on  for  making  a  diagnosis  of  renal 
origin  as  opposed  to  cysts  of  other  organs.  Indeed,  unless  the 
"cyst"  be  really  a  distended  pelvis,  i.e.  a  hydronephrosis,  and 
unless  there  is  some  functioning  kidney  substance  as  weU,  so 
as  to  allow  much  urea  to  be  present,  one  cannot  distinguish  a 
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renal  cyst.  In  a  cyst,*  which  proved  to  come  from  a  hyper- 
nephroma, there  was  found  a  considerable  quantity  of  albumen, 
which  was  probably  due  to  the  presence  of  much  blood  ;  there 
was  an  excessive  amount  of  cholesterin,  which  had  appeared  in- 
the  urine.  The  content  in  chlorides  was  very  small,  but 
there  were  copious  oxalate  crystals,  and  also  cystin.  Both 
these  substances  were  sufficient  to  prove  the  probability  of  the 
cyst  being  connected  with  the  kidney.  There  was  neither  urea 
nor  uric  acid.    There  were  no  cellular  elements  to  form  a  guide. 

Another  specimen  was  diagnosed  as  from  a  cystic  kidney  f 
on  these  characters  :  specific  gravity,  loii  ;  albumen,  i  to  4  per 
cent. ;  urea,  trace  ;  chlorides,  475  per  cent. ;  cone,  elect.,  o-i68  ; 
cone,  achlor.,  -087.  In  a  case  of  hydronephrosis  opened  by  the 
surgeon  the  fluid  contained  i  per  cent.  urea. 

Reference  may  be  made  to  a  paranephric  cyst  which  was  due 
to  rupture  of  the  pelvis  of  the  kidney,  recorded  by  Hildebrand. 

It  is  impossible  to  pass  in  review  the  chief  points  which  will 
enable  a  fluid  to  be  distinguished  as  urine.  But  it  is  needful 
to  mention  that  there  is  occasionally  (apart  from  the  cases- 
described  above)  a  necessity  for  this.  Thus,  a  fluid  was  drawn- 
from  a  cystic  swelling  +  in  the  posterior  vaginal  wall,  and  it 
was  only  from  examination  of  this  fluid  that  its  origin  from  a 
dilated  ureter  that  had  become  malplaced  was  possible.  There 
was  an  abundant  effervescence,  with  sodium  hypobromite, 
the  reaction  was  acid,  the  chlorides  amounted  to  3-9  per  cent, 
and  the  conductivity  at  23°  C.  corresponded  to  a  concentration 
of  electrolytes  of  0-158. 

The  aci_d  reaction  of  such  a  fluid  makes  the  diagnosis- 
practically  undoubted. 

In  cases  of  hydronephrosis  the  fluid  wfll  vary  in  composition 
according  to  the  degree  of  functional  activity  of  the  kidney  relics. 
The  specific  gravity  is  generally  less  than  loio,  the  amount  of 
albumen  may  vary  from  mere  presence  to  8  per  cent.,  and  the 
same  is  true  of  the  salts.  The  presence  of  creatinin  and  of 
urea  or  uric  acid  would  not  necessarily  exclude,  say,  hydatid  cyst 
in  the  abdomen.  § 

*  No.  4484. 

t  No.  6685. 

t  Record  No.  6047. 

§  Cf.  Nos.  5869  and  6987. 
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In  other  words,  there  are  none  of  the  characteristic  bodies 
present  which  would  lead  one  to  identify  the  fluid  as  renal. 

On  the  other  hand,  if  there  is  some  outlet  to  the  flow  of 
urine,  and  if  the  kidney  is  excreting  tolerably  well,  in  spite  of 
its  functional  power  being  much  diminished,  there  will  be  some 
urea  and  other  urinary  constituents  present.  The  amount  of 
urea,  however,  is  of  more  importance  than  its  mere  presence, 
"because  urea  piay  be  found  in  many  other  fluids ;  and  to  base 
■&  diagnosis  of  hydronephrosis  fluid  or  urine  on  the  presence 
■of  urea  might  lead  to  fallacy.  However,  the  quantity  of  urea 
will  settle  the  question,  if  abundant.  A  large  quantity  of  urea 
will  not  occur  except  in  urine,  although  it  must  be  remembered 
that  "no  or  very  little  urea  "  does  not  mean  "  no  renal  origin  " 
for  the  fluid. 

A  case  of  congenital  cystic  kidney  which  is  of  interest 
was  described  by  Freund,  at  the  Medical  Congress  in  Halle 
(December  ii,  1907).  The  case  occurred  during  labour,  and 
it  was  a  question  as  to  whether  the  source  of  obstruction  were 
ascites,  distended  bladder,  or  kidney.  At  a  time  such  as  this, 
the  elaborate  details  which  are  referred  to  throughout  these 
pages  are  obviously  useless.  The  author  of  this  case  considers 
the  tumour  to  have  been  a  multilocular  cyst  of  congenital  origin, 
but  gives  no  details  as  to  the  nature  of  the  cyst-contents. 

Spleen  Cysts,  which  are  very  rare,  are  described  by  Las- 
qialfara  as  including  (i)  hydatid,  2  cases,  (2)  serous,  (3)  sero- 
hemorrhagic—one  case  of  traumatic  origin,  but  he  gives  no 
details  of  the  characters  of  their  contents.* 

Cysts  connected  with  the  Lymphatics.— Tcyosumi 
describes  a  cystic  lymphangio-endothelioma  papilliferum  which 
was  situate  in  the  abdominal  waU,  but  does  not  supply  any 
information  as  to  the  chemical  or  other  characters  of  the 
contents. 

Dencks  describes  a  lymphangioma  of  the  neck,  which  con- 
tained a  whitish,  milky  fluid,  with  a  yellowish  tinge  like  lymph. 
He  states  that  other  cysts  of  similar  nature  may  contain  a  brown- 
ish fluid  owing  to  haemorrhage  into  them.  He  gives  no  other 
■details  about  these  fluids. 

Albrecht  refers  to  a  case  of  lymphangiectasis,  in  which  numer- 

*  See  also  Zieghvallner  F.,  Uber  multiple  serose  Zysten  dcr  MHz. 
■"Inaug.  Diss."    Miinchen,  1907. 
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ous  little  cysts  appeared  in  the  skin.  They  contained  a  milky- 
white  fluid,  which  contained  some  blood-cells,  lymphocytes, 
and  a  considerable  quantity  of  fat  in  the  form  of  very  minute 
drops.  He  states  that  if  fat  was  given  by  the  mouth  it  rapidly 
appeared  in  these  cysts. 

Lacteal  Cysts. — An  example  of  these  cysts  was  accidentally 
found  by  me  during  a  post-mortem  examination  in  a  case  of 
suicide.  The  small  intestine  for  the  greater  part  of  its  length 
showed  numerous  white  swellings  in  its  walls,  varying  in  size, 
and  exuding  an  opaque  milky-white  fluid  when  cut  open.  The 
size  varied  from  that  of  a  pea  to  about  half  an  inch  in  diameter, 
and  they  projected  into  the  lumen  of  the  intestine. 

Parotid  Cysts.* — If  these  cysts  are  connected  with  the  gland 
itself  we  should  expect  the  fluid  to  be ,  alkaline,  very  poor  in 
salts  (0-2  per  cent.),  and  a  low  osmotic  concentration  (0-104). 
The  salts  include  chiefly  carbonates.  Whether  sulphocyanide 
is  present  in  these  fluids  or  no  does  not  seem  to  have  been 
investigated.  The  chief  feature  will  be  the  presence  of  diastatic 
ferment. 

Cysts  of  Bone. — Rumpel  refers  to  cysts  of  bone,  which 
are  usually  due  to  the  breaking  down  of  tumours,  such  as 
sarcomas.  In  one  case  described  by  him  he  comes  to  the 
conclusion  that  the  cyst,  which  contained  clear  fluid,  was 
formed  from  a  softened  enchondroma. 

The  cellular  elements  are  the  chief  characters  on  which  he 
lays  stress,  though  the  interest  to  him  is  mainly  surgical.  Such 
cysts  are  not,  as  a  rule,  likely  to  come  under  the  notice  of  the 
clinical  pathologist,  But  it  would  be  of  great  interest  to  have 
an  analysis  of  such  a  fluid,  since  it  would  afford  excellent  ideas 
as  to  the  variety  of  decomposition  products  of  new-growth 
proteid,  which  is  different  from  normal  tissue-proteid. 

A  large  cyst  was  found  in  the  cerebrum  in  a  case  by  Fahr 
of  Hamburg  (December  3,  1907).    The  walls  were  very  delicate 
the  size  was  that  of  the  left  hemisphere.    There  was  no  evidence 
of  hydatid.    No  mention  is  made  of  the  contents,  the  sole 
mterest  taken  in  the  case  apparently  having  been  its  clinical 

*  Unfortunately  the  only  specimen  which  I  had  the  opportunity  of 
exammmg  cannot  now  be  traced,  and  the  record  of  the  result  of  examina- 

fluTd  fSr:  raVuTa"'-    '  ''''  ^^P-^""^*^      -'-^'^^^H  the 
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symptoms.    One    would  have  preferred  evidence  as  to  the 
causation. 

Cysts  in  connection  with  the  Cerebellum. — Cysts  in 
this  locality  can  hardly  ever  come  under  the  notice  of  the  clinical 
pathologist,  but  for  the  sake  of  completeness  they  may  be 
referred  to.  Henschen  states  that  the  following  varieties  may 
occur  :  dermoid  cysts,  simple  serous  cysts  (which  have  an 
ependymal  lining  and  are  related  to  the  fourth  ventricle),  cystic 
tumours,  hsemorrhagic  cysts  (due  to  haemorrhage  and  softening), 
parasitic  cysts,  and  serous  cysts,  which  are  due  to  developmental 
anomalies. 

Spermatocele.  This  fluid  is  colourless,  thin,  and  watery. 
The  specific  gravity  varies  between  1006  and  loio.  Solids,  1-3  per 
cent.  It  is  not  spontaneously  coagulable.  Apart  from  the 
presence  of  spermatozoa,  which  is  the  diagnostic  feature,  a  re- 
action was  devised  by  Florence  for  distinguishing  spermatocele 
from  similar  fluids.  A  solution  of  iodine  (i'65)  and  potassium 
iodide  (2-54)  in  water  (30  cc),  added  to  prostatic  secretion, 
results  in  dark  brown  rhombic  crystals  (plates,  fine  needles,  and 
rosettes)  soluble  in  excess  of  water,  ether,  alcohol,  acids,  and 
alkahes.    Spermatocele  fluid  does  not  give  the  reaction. 

Parasitic  Cysts. — Hydatid  cysts  alone  call  for  considera- 
tion, though  their  characters  are  so  well  known  that  nothing 
new  can  be  added.  The  specific  gravity  is  low  (generally  not 
more  than  1015) ;  proteids  are  usually  absent,  while  salts  are 
abundant.*  Sugar  is  occasionally  present,  and  traces  of  urea 
may  be  expected,  as  well  as  of  creatin.  Succinic  acid  f  is 
characteristically  present. J  Microscopic  examination  of  the 
deposit  is,  of  course,  the  most  conclusive  evidence. 

*  In  case  No.  6897,  6  per  mille  of  chlorides  were  found. 

•j-  To  detect  succinic  acid  in  hydatid  cysts  (Salkowski). 

In  Table  A,  No.  6,  the  concentrated  alkaline  fluid  is  treated  with  alcohol, 
and  alkaline  salts  of  succinic  acid  will  separate  out.  These  are  dis- 
solved in  water,  the  solution  filtered  and  squeezed.  They  are  obtained 
pure  by  adding  equal  parts  of  alcohol  and  ether  with  HCl. 

Characters.— Four-sided  needles,  melting  at  182°  C,  soluble  in  water 
and  alcohol,  very  soluble  in  ether. 

Heated  in  a  glass  tube,  it  will  sublime.  Heated  on  platmum  foU,  it 
gives  off  irritating  vapours. 

Neutral  lead  acetate  gives  a  heavy  crystalline  precipitate  of  lead 

succinate. 

I  Also  present  in  hydrocele  fluid  (see  p.  164). 
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Mourson  and  Schlagdenhauffen  found  a  poisonous  ptomaine 
in  the  fluid  of  a  hydatid  cyst. 

If  in  a  suspected  hydatid  cyst  one  finds  an  alkahne  reaction, 
no  urea  or  sugar,  and  abundant  clilorides,  this  will,  not  decide 
between  hydatid  and  hydronephrosis,  unless  booklets  are  also 
found.  So  that  the  only  really  reliable  sign  is  the  presence  of 
booklets.  It  must  be  remembered,  however,  that  absence 
of  booklets  does  not,  ipso  facto,  exclude  hydatid. 


SECTION  IV 


THE  DIFFERENTIAL  DIAGNOSIS  OF 
EXUDATES  FROM  TRANSUDATES 

Contents. — Deductions  to  be  made  from  :  {a)  specific  gravity,  (b)  amount 
of  total  proteid,  (c)  refractometry,  (d)  viscosity,  (e)  presence  of  serosa- 
mucin,  (/)  Rivalta's  test,  {g)  presence  of  fructose,  etc.,  (h)  presence  of 
ferments,  (»)  effect  of  oral  administration  of  drugs,  (/)  reaction  with 
immune  serum,  {k)  evidence  furnished  by  the  chloride  versus  achloride 
electrolytes,  (Z)  cytodiagnosis. 

The  attempts  at  differentiation  between  exudates  and  transu- 
dates have  occupied  a  very  important  place  in  clinical  pathology, 
and  opinions  as  to  their  value  have  varied  from  time  to  time 
according  to  failures  in  diagnosis  or  to  improved  methods  which 
prevented  recurrence  of  such  failures.  As  has  been  insisted  in 
former  pages,  it  is  not  possible  to  experience  uninterrupted 
successes  in  diagnosis  by  these  means  any  more  than  they  can  be 
expected  in  any  other  branch  of  medical  science.  The  evidence 
furnished  by  the  methods  to  be  detaUed  must  always  be  made 
subservient  to  either  physical  signs  or  to  the  medical  history 
of  the  case  concerned. 

The  various  methods  which  are  to  be  advocated  are  not 
equaUy  weU  known,  and  are  deserving  of  wider  use,  and  from  the 
experience  in  all  but  the  biological  test  (reaction  with  immune 
serum)  that  has  been  obtained  from  cases  in  the  Leeds  General 
Infirmary  one  is  justified  in  coUecting  the  methods  and  offering 
criticisms.  The  idea  of  using  the  electrolyte-determinations  has 
been  the  result  of  the  discovery  that  exudates  differ  essentially 
from  transudates  {asarule)  in  their  achloride-electrolyte-content. 
The  following  tests  will  be  considered  seriatim  : 
Specific  gravity;  amount  of  total  proteid;  presence  of 
serosamucin,  and  Rivalta's  test ;  certain  special  tests  (for  fer- 
ments, for  acetone,  the  reaction  in  tubercular  pus,  the  reaction 
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with  immune  serum,  the  effect  of  administration  of  drugs)  ;  the 
relation  of  chlorides  to  achlorides. 

A  practical  note  on  the  collection  of  pathological  fluids  may  be 
useful.  The  fluid  should  be  collected  into  a  perfectly  clean  bottle,  sterilised 
if  necessary  by  thorough  heating  in  an  oven.  The  instruments 
used  for  tapping  must  have  been  boiled  in  plain  water,  and  the  skin  as 
thoroughly  disinfected  as  for  an  operation  (not  only  patient,  but  operator). 
The  needle  for  puncturing  is  conveniently  kept  inside  a  glass  tube  of  suitable 
diameter,  plugged  at  each  end  with  cotton  wool,  so  that  the  whole  can  be 
readily  sterilised  with  hot  air  (D'Este  Emery).  If  only  a  bacteriological 
examination  is  needed  the  fluid  can  be  sent  to  the  bacteriologist  in  a  small 
piece  of  glass  tubing  which  has  been  drawn  out  at  each  end  and  sealed  up 
after  filling. 

(rt)  Specific  Gravity. — The  most  well-known  characteristic 
of  transudates  is  that  their  specific  gravity  is  usually  much 
lower  than  that  of  exudates.  Thus,  transudates  usually  have  a 
specific  gravity  of  less  than  1020,  while  exudates  have  one  of 
more  than  1020.  This  is  shown  in  the  table  on  the  following 
page. 

Reference  to  the  cases  will  show  that  both  pleural  and  peri- 
toneal fluids  of  transudatory  origin  have  a  low  specific  gravity. 

The  significance  of  these  variations  may  be  attributed  mainly 
to  the  amount  of  albumen  present  in  the  fluid.  The  more  albumen 
the  higher  will  be  the  specific  gravity  ;  and  albumen  is  more 
abundant  in  exudates  than  in  transudates.  The  relation  between 
amount  of  albumen  and  specific  gravity  has  been  the  subject 
of  a  very  large  amount  of  study,  especially  by  Reuss  and  by 
Bernheim. 

According  to  Reuss,  the  specific  gravity  may  be  taken  as  a 
rough  index  of  the  amount  of  proteid,*  and  he  devised  the  follow- 
ing elaborate  formula,  which  should  enable  one  to  estimate  the 
amount  of  albumen  from  the  specific  gravity  : 

Percentage  of  albumen  =  f  (S  — 1000)— 2-8,  S  being  the 
specific  gravity. 

*  Reuss  made  out  that  specific  gravity  of 

ioi8  means  more  than  4  per  cent,  of  proteid. 
1015  less         ,,    2"5       ,,  „ 

 1-5-2  „ 

1010  i-o-r5„ 

1008-8  „  „        „  0-5-1-0,, 

A  series  of  relations  which  has  far  more  practical  utility,  even  if  not 
strictly  accurate,  than  any  elaborate  and  necessarily  artificial  formula. 
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This  comparatively  simple  relation  *  was  controverted,  as 
might  be  expected,  by  Bernheim,  who  had,  by  the  aid  of  a  mathe- 
matician and  very  numerous  observations  of  albumen  versus 
specific  gravity,  been  able  to  issue  the  formula : 

Percentage  of  albumen  =  4-94465  +  I26-0467S2— 131-5  for 
exudates,  or  275-116S-1-74256S- -  275-216  for  transudates,  a 
relation  which  is  obviously  so  artificial  that  though  the  formula 
meets  the  observations  of  Bernheim,  one  cannot  expect  it  to 
fit  in  with  every  case  that  will  ever  occur. 

Bernheim  came  to  a  totally  different  conclusion,  namely,  that 
the  specific  gravity  is  no  definite  index  to  the  nature  of  a  fluid. 
The  presence  of  several  exudates  in  the  column  "  below  1020  " 
of  the  table  will  illustrate  the  truth  of  Bernheim's  contention. 
At  the  same  time,  it  must  be  admitted  that  in  a  fair  proportion 
of  cases  the  specific  gravity  does  help  in  forming  an  opinion. 

As  a  matter  of  fact,  the  specific  gravity  depends  on  other 
bodies  besides  albumen,  and  the  two  cannot  be  brought  into 
relation  with  each  other,  even  if  albumen  play  the  most  important 
part  in  the  question.  Thus,  the  total  nitrogen  and  the  residual 
nitrogen  vary  with  the  specific  gravity,  and  so  also  do  the  ammonia 
and  the  purin  nitrogen.  The  parallelism  between  specific  gravity 
and  the  amido-nitrogen  and  the  nitrogen  of  the  uric  acid  prevents 
these  substances  from  helping  in  the  diagnosis,  only  that  altera- 
tion in  circulatory  conditions  such  as  occurs  in  transudates  from 
cardiac  disease  increases  the  amount  of  urea  and  amidoacids.f 

(&)  Amount  of  Total  Proteid. — This  has  long  been  re- 
garded, and  rightly  so,  as  a  safe  index  to  the  nature  of  an  effusion 
into  either  abdominal  or  pleural  cavity.  Here,  as  ever5Avhere, 
it  is  the  borderline  cases  that  present  difficulty.  The  explanation 
of  the  exceptions  is  suggested  by  Stahelin,  who  found  that  the 
amount  of  albumen  varies  with  the  nature  of  the  disease  causing 
the  effusion,  with  the  state  of  nutrition  of  the  individual,  as  well 
as  other  factors  which  need  to  be  taken  into  consideration  before 
making  any  conclusion. 

*  Compare  Christen's  formula  for  giving  tlie  percentage  of  albumen 
(a)  from  the  weight  of  a  litre  of  fluid  in  grams  at  15°  C.  (p). 

(a)=4  (p—  1006-8) 

This  formula  he  asserted  to  be  correct  within  -47  gm.  per  litre  ("04 
per  cent.), 
t  Otori. 
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A  most  important  series  of  observations  have  been  made 
during  recent  years  on  the  albumen-content  of  peritoneal  effusions 
by  Englander  of  Vienna.  The  albumen  was  estimated  by 
weighing,  and  not  by  Esbach's  method.  This  author,  whose 
results  were  only  published  in  full  last  year,  found  that  in  hydree- 
mia  the  amoimt  of  albumen  varies  between  03  and  0-5  per  cent., 
while  in  cases  of  portal  stasis  it  varies  between  i  and  1-5,  rising 
to  3  per  cent,  in  old  exudates,  or  falling  to  0-4  per  cent,  in  cachexia. 
In  the  last  group  of  cases,  those  due  to  portal  stasis,  the  albumen 
was  not  more  than  2  per  cent,  in  50  cases.  On  the  other  hand, 
cases  of  carcinoma  show  a  high  albumen  percentage  (up  to  7  per 
cent.),  and  in  chronic  exudative  and  tuberculous  peritonitis 
the  minimum  is  3  per  cent.  The  chief  service  afforded  by  this 
author  is  his  insistence  that  the  amount  of  albumen  must  be 
considered  in  relation  to  clinical  facts.  Thus,  in  a  case  of  cirrhosis 
of  the  liver,  if  the  albumen  in  the  peritoneal  fluid  is  2,  or  less  than 
2  per  cent.,  there  is  no  peritonitis,  while  if  there  is  much  more 
than  2  per  cent,  an  explanation  must  be  found ;  and  if  the 
general  nutrition  is  not  good,  or  if  the  ascites  has  not  existed  for 
some  time,  or  if  the  abdominal  walls  are  not  tense,  then  some 
inflammatory  condition  in  the  peritoneal  cavity  must  be  looked 
for  (either  carcinomatous,  serositic,  or  syphilitic).  Whereas  if 
the  albumen-content  be  much  more  than  3  per  cent.,  and  car- 
cinoma can  be  excluded,  one  may  be  sure  that  there  is  tuberculous 
peritonitis  superadded  to  the  liver  disease. 

The  possibility  of  excluding  tubercle  by  finding  the  per- 
centage of  albumen  to  be  less  than  3  is  an  exceedingly  useful 
point. 

Such  conclusions  were  expressed  by  Runeberg,  though  not 
to  the  same  extent  of  completeness,  when  in  1897  he  stated  that 
4  to  6  per  cent,  of  proteid  signified  an  inflammatory  exudate 
(tubercle  or  carcinoma),  i  to  3  per  cent,  signified  a  transudate 
from  passive  congestion,  and  O'l  to  03  {maximum)  meant  a  purely 
hydraemic  transudate.  The  more  chronic  the  condition,  the 
less  proteid  will  there  be  in  the  fluid. 

By  bearing  such  considerations  as  these  in  mind,  it  becomes 
possible  to  diagnose  the  appearance  of  dissemination  of  carcinoma 
over  the  peritoneum  in  a  case  where  the  primary  growth  has 
merely  at  first  caused  portal  stasis.  And  further,  these  considera- 
tions will  serve  to  emphasise  the  fact  that  it  is  not  necessarily  by 
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a  single  exploratory  puncture  that  we  shall  be  able  accurately  to 
decide  on  a  diagnosis,  but  rather  is  it  by  seeing  what  changes  occur 
in  the  fluid  after  an  interval  of  time  that  we  come  to  be  able  to 
form  a  reliable  opinion.  If  example  were  necessary  one  would 
cite  a  case  in  which  there  was  found  at  first  a  low  albumen-content 
(2-5  per  cent.)  which  did  not  exclude  carcinoma,  while  the  exact 
diagnosis  remained  doubtful.  The  cytological  character  pointed 
to  stasis,  as  it  was  not  certain  whether  endothelial  or  carcinoma 
cells  were  present.  A  subsequent  puncture,  however,  showed 
a  rise  in  albumen  to  6  per  cent.,  diminished  chloride-content,  and 
alteration  in  the  cellular  characters.  At  the  necropsy  there  was 
found  a  growth  in  the  omentum  which  had  at  first  caused  merely 
back-pressure,  but  had  subsequently  come  to  the  surface  and 
commenced  dissemination  over  the  surface  of  the  peritoneal 
cavity. 

So  much  has  been  said  as  to  the  methods  of  estimating  the  amount  of 
albumen,  that  there  should  be  no  need  to  refer  to  them  again.  Runeberg's 
method  may,  however,  appeal  to  the  clinician  for  its  simplicity.  It  is 
carried  out  as  follows  : 

A  few  drops  of  nitric  acid  are  added  to  some  of  the  fluid  in  a  test-tube. 
If  a  thick  heavy  plaque  forms  that  rapidly  sinks,  this  means  inflammatory 
or  tuberculous  effusion.  If  there  are  abundant  large  flocculi  which  sink 
less  rapidly,  this  points  to  a  congestive  transudate,  whereas  if  there  is  only 
an  opalescence,  resulting  small  flakes  appearing  only  after  a  long  time, 
this  signifies  a  hydraemic  transudate.  The  limitations  of  this  method  will 
be  readily  made  out  from  what  is  being  said. 

The  table  on  the  following  page  from  one's  own  cases  will 
illustrate  the  varying  amounts  of  proteid  present  in  different 
effusions. 

As  regards  the  proteid  quotient,  which  is  obtamed  by  dividing  the 
percentage  of  albumen  by  that  of  globulin,  there  is  little  to  be  said,  as  the 
ratio  cannot  be  said  to  be  characteristic  of  any  particular  class  of  effusion, 
even  if  all  the  effusions  in  a  given  patient  show  the  same  ratio  as  Halliburton 
first  described.    The  following  variations  were  found  : 

Peritoneal  fluid  from  a  case  of  Monolobular  Cirrhosis    0-38 

Pleural  fluid,  Chronic  inflammatory   

Tuberculous     ...        ...        ...    2-6 

Simple  effusion...        ...        ...        ...        .  _  Q.g 

The  ratio  varies  according  to  the  amount  of  globulin  present 
where  this  body  bears  relation  to  the  disease  in  virtue  of  its 
association  with  immunisation-processes.  Antitoxin  becomes 
attached  to  globuUn,  so  that  where  protective  bodies  are  formed 
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TABLE  XXII 
Percentage  of  Albumen  in  Various  Fluids 


Below  1%. 

At  or  below  2. 

Below  3. 

Below  4. 

Below  5. 

Over  5. 

/ 

Pleural 

Transu- 
dates . 

Simple 
Pleural 
Effusion 

Simple 
Pleural 
Effusion 

Hydro- 
thorax 
(Renal) 

Simple 
Pleural 
Effusion 

Cardiac 

Chronic  Net 
phritis,  7*77 

Exu- 
dates - 

Assoc.  with 
Care. 
Ovarii 

Assoc.  with 
Care. 
Ovarii 

Tuberculous 
2  (cases) 

Tuberculous! 

(3  cases), 

6-8 
Assoc.  with: 

Care. 

Ovarii,  5-1 1 
Empyema,  8! 

Perito- 
neal I 

Transu- 
dates . 

Renal 

Cardiac 

Ale.  Cirrho- 
sisof  Liver 

Toxic  Ne- 
phritis 

Syphilitic 
Cirrhosis 
(Hallibur- 
ton) 

Thrombosis 
of  Portal 
Vein 

Ale.  Cirrho- 
sis of  Liver 
(2  cases) 

Syph.  Cir- 
rhosis of 
Liver 
(Poljakoff) 

Chronic 
Nephritis 
(2  cases) 

Portal  Ob- 
struction 

(Runeberg) 

Cardiac,  5*4^ 

Alcoholic 
Cirrhosis 
of  Liver,  8? 

■ 

Exu- 
dates - 

Carcinoma- 
tosis 
(2  cases) 

Tuberculous 
Peritonitis 

Carcinoma- 
tosis 
(2  cases) 

Polyorrho- 
menitis 
Chylous 
ascites 
(McHey) 

Carcinoma- 
tosis 

(Runeberg) 

Tuberc. 
Peritonitis 

Simple 
Chronic  Peri- 
tonitis, 775 ; 

Carcino- 
matous Peri-i 

tonitis,  10 
Tubercular, 

6-75 

CEdema 
Fluid 

Cardiac  cases 

Pericar- 
dial 

Tuberculous 

Cysts 

Ovarian 
Cyst 

Pancr  e  at 
Cyst 

in  the  course  of  an  effusion  excited  by  bacterial  agency,  they  will 
enter  into  combination  with  the  globulin,  and  so  affect  the  proteid 
quotient.*  These  changes  have  been  noted  chiefly  in  regard  to 
the  composition  of  the  blood,  but  inasmuch  as  the  proteid  quo- 
tient is  constant  both  for  blood  and  any  effusion  that  occurs  in 
the  given  individual,  the  same  conditions  will  hold  in  the  case  of 

*  Glassner. 
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the  effusion.  But  when  we  reflect  that  the  urine  of  cases  of  neph- 
ritis may  show  a  varying  proteid  quotient  *  from  day  to  day,  the 
value  of  such  a  quotient  for  diagnosis  in  effusions  comes  to  require 
substantiation.  If  the  urinary  composition  varies  in  this  way, 
a  renal  ascites  may  be  expected  to  show  similar  daily  changes. 
The  relation,  too,  between  proteid  and  molecular  concentration 
cannot  be  regarded  as  having  any  prospects  of  being  of  practical 
importance. 

The  total  proteid  may  also  be  compared  with  the  extractive 
nitrogen,  and  these  two  together  may  be  compared  with  the 
proteid-extractive  ratio  of  blood-serum.  Rzentkowski  utilised 
these  ratios  in  order  to  decide  whether  a  fluid  were  a  transudate 
or  the  result  of  endothelial  proliferative  processes.  If  the  ratia 
were  much  less  than  that  of  the  serum  he  would  argue  against  a 
transudatory  origin.  He  states  that  while  they  are  accumulating 
the  fluid  mainly  consists  of  salts,  while  when  the  serous  membrane 
becomes  active  the  proteid  element  enters  into  the  effusion  (an 
autochthonous  process).  In  an  exudate  we  have  the  following 
relations  :  the  dry  matter  is  less  than  that  of  the  blood-serum, 
the  total  nitrogen  is  also  less,  but  the  extractives  amount  to  still 
less  than  those  of  the  blood-serum. 

Be  these  statements  correct  or  no,  they  cannot  be  of  much 
assistance  in  the  differential  diagnosis,  merely  from  the  fact  that 
they  involve  tedious  methods  of  research  which  cannot  conveni- 
ently be  employed  for  diagnostic  purposes. 

(c)  Refractometry. — The  refractometric  observations  which 
have  been  made  by  Engl  and  advocated  strongly  by  him  as  a 
means  of  distinguishing  between  the  two  main  classes  of  effusion 
are  really  nothing  more  than  a  refined  method  of  albumen- 
estimations,  since  the  refractive  index  of  a  fluid  depends  very 
largely  upon  the  amount  of  albumen  which  the  effusion  contains. 
It  will  not  be  necessary  to  enter  into  any  details  of  the  methods 
of  refractometry,  simply  because  a  suitable  instrument  is  very 
expensive,  and  cannot  reasonably  be  added  to  the  instrumenta- 
rium  of  the  clinical  pathologist.  Still,  it  cannot  be  doubted 
that  the  method — given  the  instrument — is  a  very  handy  one, 
but  the  results  are  not  so  uniform  that  general  use  of  the  method 
is  advisable.    In  the  following  table,  which  is  adapted  from  a 

*  V.  Noorden,  Noel-Paton,  Patella,  Moram. 
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long  series  of  observations  by  Engl,  the  numbers  represent  the 
refractive  coefficients  of  the  fluids.    (Note  the  thickened  figures.) 


Refractive  Coefficients  of  Various  Fluids  (Engl) 


Pleura. 

Abdomen. 

Peri- 
cardium. 

Nephritic  f 
Transudates  "j^ 

Subacute  Tubal 
Chronic  Tubal 
Interstitial  ... 

1-3379 
1-3362 
1-3372 

Average : 

1-3375 

'-337 1 
1-3872 

1-3374 

I-3371 
1-3397 

1-3398 

Cachectic  f 
Transudates  \ 

Pernicious  Aneemia 
Tuberc.  Abscess  of  Chest ... 

1-3378 
1-3378 
Average : 

1-3385 

1-3380 
1-3365 

1-3382 

1-3408 
1-3374 

1-3398 

Passive 
Congestion  -l 
Transudates 

Cardiac 

Cirrhosis  of  Liver  ... 

Emphysema 

Aortic  Valve  Disease 

1-3410 

Average : 
1-3392 

1-3405 
1-3368 
1-3378 
1-3401 

1-3398 

1-3401 

1-3390 
1-3405 

Exudates    ...  - 

Acute  Pleurisy 
Tuberculous  Pleurisy 
Purulent  Pleurisy  ... 
Tuberc.  Peritonitis... 
Purulent  Peritonitis 
Carcinomatous  Peritonitis. . . 
Carcinoma  Ovarii  ... 
Hemorrhagic  Pericarditis. . . 

1-3436 

1-3474 
1-3480 



Average': 
1-3446 

1-3443 
1-3479 
1-3430 
1-3442 

Average  : 
1-3*45 

— 
1-3459 

Various      . . .  -| 

Chronic  Hydrocephalus  ... 

Cerebrospinal  Fluid 
Hydrocele  ... 

1-3347  to 
1-3350 
1-3350 
1-3429 

CEdema  Fluid 

Cachectic  Nephritis 

1-3351 
1-3362 

1-3359 

The  advantages  of  the  method  are  that  the  refractive  coeffi- 
cient, which  is  proportional  to  the  albumen-content,  (i)  is  not 
affected  by  suspended  particles,  (2)  necessitates  the  least  quantity 
of  fluid,  and  (3)  is  much  less  tedious  than  a  determination  of  the 
dry  residue  according  to  Runeberg  or  a  Kjeldahl  estimation. 
Besides  this,  a  comparison  of  the  refractive  coefficient  of  the 
effusion  can  be  readily  made  with  that  of  the  blood.  The  only 
sources  of  error  are  that  certain  substances  other  than  albumen 
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influence  the  coefficient  and  that  different  forms  of  proteid  cause 
variations.  While  i  per  cent,  albumen  has  a  coefficient  of  -0018, 
I  per  cent,  of  globulin  is  •0020--0023  (according  as  it  is  globulin, 
pseudo-globulin,  or  crystallin). 

{d)  Viscosity. — ^The  investigations  which  one  has  made  as 
to  the  viscosity  of  the  different  fluids  that  have  come  under 
observation  have  shown  very  strikingly  how  much  lower  the  value 
(as  compared  with  water)  is  in  the  case  of  transudates  than  it  is 
with  exudates.  Inasmuch  as  the  viscosity  will  be  influenced 
by  the  amount  of  albumen  present,  a  natural  explanation  for  the 
fact  is  found.  Probably  there  are  other  factors  to  be  considered, 
but  the  full  treatment  of  the  subject  will  be  found  in  Section  II., 
last  sub-section.  The  chnician  can  hardly  be  advised  to  purchase 
a  viscosimeter  in  order  to  assist  him  in  such  a  diagnostic  problem 
as  is  under  consideration,  so  that  more  detailed  reference  to  the 
values  found  is  out  of  place  in  this  section. 

{e)  Presence  of  Serosamucin.— The  chemistry  of  this  sub- 
stance, and  of  the  bodies  to  which  it  is  allied,  has  already  been 
fully  entered  into.  It  is  merely  necessary  to  repeat  that  the 
presence  of  serosamucin  in  a  peritoneal  fluid  is  evidence  in  favour 
of  its  being  an  exudation,*  that  is,  a  fluid  associated  with  inflam- 
matory processes  in  the  peritoneum,  f    This  fact  is  the  basis  of — 

(/)  Rivalta's  Test,  which  consists  in  adding  two  drops  of 
glacial  acetic  acid  to  100  cc.  of  distilled  water,  and  then  one  drop 
of  the  fluid  to  be  tested.  The  result,  if  the  reaction  is  "  positive," 
is  that  a  white  cloud  appears  in  the  trail  of  the  descending  drop, 
the  trail  being  of  varying  degrees  of  whiteness,  according  to  the 
severity  of  the  inflammatory  process.  Janowski  tested  this  in 
a  number  of  cases  and  obtained  uniform  results.  The  results 
obtained  in  the  Leeds  Infirmary  series  have  also  given  precisely 
concordant  results,  and  it  is  hardly  necessary  to  tabulate  the 
findings  under  such  uniform  circumstances.  Only  one  point 
would  one  emphasise,  and  that  is  that  unless  there  be  a  decided 
white  cloud,  which  increases  as  the  drop  descends,  the  result  must 
not  be  regarded  as  definitely  positive.    Often  a  faint  turbidity 

*  Rivalta. 

t  Stahelin  reports  fourteen  cases  in  which  he  examined  the  fluid  for 
serosamucin  and  found  its  presence  in  those  fluids  which  were  of  an  in- 
flammatory nature.  Eleven  cases  were  pleural  fluids ;  the  others  were  from 
the  abdomen. 
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will  be  produced  with  transudates,  but  it  will  be  found  to  disappear 
as  the  drop  descends..  In  a  "  positive  "  case  the  whiteness  will 
be  very  distinct,  and  the  appearance  of  ever-increasing  numbers 
of  white  specks  which  tail  out  during  the  descent  of  the  drop  is 
very  striking.  The  precipitate  is,  of  course,  one  of  serosamucin, 
though  the  proof  of  such  by  chemical  analysis  would  involve 
precipitation  from  large  quantities  of  fluid.  The  globulin  will 
not  separate  out,  owing  to  the  presence  of  the  acetic  acid. 

(g)  Presence  of  Fructose.— Neuburger  and  Strauss  found 
this  body  in  the  fluid  in  cases  of  peritoneal  cancer,  and  in  ascites 
due  to  granular  kidney.  They  also  found  it  in  pleural  fluids 
when  not  given  by  the  mouth.  The  oral  administration  of  fruc- 
tose usually  causes  its  reappearance  in  the  effusion. 

Acetone  is  said  to  occur  constantly  in  exudates. 

Wideroe's  Test. — Wideroe  devised  a  test  which  should  in- 
form the  clinician  whether  a  given  effusion  were  due  to  tubercle 
or  no.  The  method  may  be  carried  out  thus  :  in  a  watch-glass  a 
few  drops  of  Millon's  reagent  are  placed,  and  on  to  the  surface 
a  single  drop  of  the  fluid  to  be  tested  is  allowed  to  fall  from 
a  glass  rod.  A  film  at  once  forms  where  the  drop  meets  the 
reagent.  If  a  platinum  wire  be  now  passed  beneath  the  drop, 
and  an  attempt  made  to  lift  it  from  the  reagent,  the  drop  will 
readily  lift  up  if  the  fluid  be  of  tuberculous  nature,  less  readily 
possible  in  the  case  of  inflammatory  effusions,  and  quite  im- 
possible (owing  to  the  breaking  up  of  the  film)  in  the  case  of 
transudates.  In  the  case  of  the  inflam.matory  effusions,  it  wiU 
generally  be  found  that  a  few  stabs  with  the  loop  will  break  up 
the  film  if  the  cases  be  no n- tuberculous. 

From  a  number  of  specimens  examined  I  can  recommend  this 
test,  but  absolute  reliance  cannot  be  placed  on  it,  and  in  the  case 
of  other  fluids  than  peritoneal  and  pleural,  it  is  not  at  all  reliable. 
The  discoverer  of  the  reaction  admits  that  the  presence  of  blood 
interferes. 

Molecular  Concentration. — According  to  Rzentkowski, 
this  is  greater  in  transudates  than  in  exudates,  but  v.  Ketly 
and  V.  Torday  deny  this. 

[h]  Presence  of  Ferments. — It  seems  reasonable  to  suppose 
that  we  shall  have  different  ferments  in  different  fluids,  varying 
with  their  causation.  In  the  case  of  transudates,  where  there 
may  not  be  many  cell-elements,  there  will  not  be  the  cell-femients 


EXUDATES  AND  TRANSUDATES 


207 


characteristic  of  those  cells.  On  the  other  hand,  in  a  severe 
inflammatory  exudate  with  many  blood-cells  there  will  naturally 
be  the  ferments  associated  with  leucocytes,  a  point  which  has 
already  been  entered  into  at  some  length  (Section  I.). 

Umber  has  advanced  proof  of  the  existence  of  ferments  in 
exudates  by  the  fact  that  perfectly  sterile  exudates  treated  with 
toluol  showed  breaking-down  of  the  proteid  during  incubation. 
Total  nitrogen-determinations  were  made,  as  well  as  determina- 
tions of  the  different  forms  of  nitrogen.  These  are  shown  in  the 
following  table,  which  is  taken  from  Umber's  original  paper  : 


a 

Total  N. 

b 

Coagulable 

Proteid 
(a  -  c  X  6-25) 

c 

Dissolved 
N. 

d 

Ammonia 
N. 

e 

%  of  Ammonia 
N.  from 
total  N. 

Before  Autodigestion 
After 

0-857  gm. 
0-857  „ 

5-I37 
5-037 

■0352 
•0595 

•0234 
•0448 

2-25 
4-12 

It  is  seen  that  the  total  nitrogen  remains  unaltered,  while  the 
uncoagulable  proteid  is  decidedly  diminished  and  the  dissolved 
non-coagulable  nitrogen  is  increased.  This  dissolved  non-coagu- 
lable  nitrogenous  matter  consists  of  primary  and  secondary  albu- 
moses,  leucin,  and  tyrosin,  which  are  therefore  increased  during 
autodigestion.  The  ammonia  is  seen  to  be  increased  almost 
twofold. 

Miiller  found  that  proteolytic  ferment  only  occurs  in  the 
deposit  of  a  puncture-fluid  if  the  causation  is  inflammatory  ;  this 
is  to  be  ascribed  to  the  presence  of  proteolytic  ferment  in  the  leu- 
cocytes. The  amount  of  antiferment  which  occurs  (see  Section  I., 
p.  86)  depends  on  the  degree  of  destruction  of  the  leucocytes, 
as  otherwise  it  is  saturated  by  the  free  ferment.  Not  only  does 
the  antiferment-content  not  depend  on  these  conditions,  but 
probably  the  kind  of  albumen  in  the  fluid  will  have  something  to 
do  with  the  reaction.  If  antiferment  is  present,  the  fluid  may 
be  regarded  as  a  transudate.  If  there  be  only  a  slight  in- 
hibitory action  the  fluid  may  be  assumed  to  be  due  to  a  chronic 
inflammatory  process  and  to  contain  no  bacteria.  If  there  be 
no  antiferment  (i.e.  the  leucoc3^es  can  digest  the  gelatine  used 
for  the  test),  this  indicates  an  acute  suppurative  process,  and 
will  answer  even  though  the  leucocytes  in  the  deposit  be 
thoroughly  disorganised. 


208 


STUDIES  IN  PUNCTURE-FLUIDS 


The  diastatic  and  inverting  ferment  are  often  present,  but  do 
not  show  any  regular  relation  to  the  cause  of  the  effusion  (p.  So). 
But  it  may  be  that  we  must  go  rather  by  quantity  of  ferment 
than  by  its  mere  presence  or  absence.  The  methods  for  estimating 
the  various  ferments  will  be  found  on  p.  70. 

Lipase  has  been  found  by  Mammi  to  be  more  abundant  in 
exudates  than  in  transudates. 

[i)  Effect  of  Oral  Administration  of  Drugs. — Some  in- 
teresting observations  were  made  by  Landolfi  at  Naples,  which 
showed  that  if  certain  drugs  were  administered  by  the  mouth 
they  could  be  subsequently  detected  in  the  effusion,  and  that  if 
such  drugs  be  introduced  into  the  serous  cavity  they  will  reappear 
in  the  urine. 

It  was  found  that  while  such  bodies  were  found  in  either  the 
pathological  fluid  (in  the  one  case)  or  in  the  urine  (in  the  other) 
in  both  exudates  and  transudates,  the  quantity  of  drug  which 
reappeared  was  very  considerably  greater  in  the  case  of  transu- 
dates than  in  exudates.  The  following  hst  shows  the  effect  of 
various  drugs  : 


Nature  of  Fluid. 

Sodium  Iodide. 

Antipyrin. 

Salicylic  Acid 
Pyramidon. 

Purulent  exudations  ... 

Hsemorrhagic  exudations 

Tuberculous  serofibrinous 

exudate 

Non-tuberculous  serofibrinous 

exudate 

Transudation     from  passive 

congestion  ... 

+ 

+ 

+ 

Transudation  from  hydrsemia 

+ 

+ 

+ 

> 

^  .  ' 

Appearing  in  effu- 
sion :  administered 
per  OS. 

V 

Appearing  in  urine  : 
injected  into  effusion 

+  means  present;  —  means  negative  result. 

The  reaction  with  potassium  iodide  was  noticed  by  Mammi. 
Fructose  given  by  the  mouth  may  appear  in  the  exudate  (see 
p.  150). 

(/)  Reaction  with  Immune  Serum. — Tedeschi  of  Genoa 
found  that  if  an  effusion  were  tested  with  immune  serum  a 
precipitin  reaction  *  would  occur  if  the  fluid  were  a  transudate, 

*  See  also  Forssner. 
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while  no  reaction  occurred  in  the  case  of  an  exudate,  presumably 
owing  to  the  latter  containing  the  necessary  complement,  because 
of  the  cells  in  the  exudate. 

However,  if  thickening  of  the  serous  membrane  (such  as  the 
pleura)  occur,  a  transudate  may  fail  to  give  the  reaction.  Again, 
if  the  exudation  be  examined  in  an  early  stage  the  reaction  may 
come  off  owing  to  the  anti-bodies  not  having  had  time  to  appear. 

Whereas  the  reliability  of  the  reactfon  is  likely  to  be  called  into 
question,  it  must  be  admitted  that  the  practical  difficulties  in  the 
test,  involving  as  they  do  a  vivisection  licence,  will  prevent  its  use. 

The  distinction  between  an  exudate  and  a  transudate  is  made 
a  very  sharp  one  by  such  a  reaction  as  this,  and  it  cannot  be 
emphasised  too  much  that  the  demarcation  line  where  exudate 
ends  and  transudate  begins  does  not  exist.  In  well-marked  cases 
the  distinction  is  easy,  but  there  are  and  always  will  be  many 
cases  which  are  not  strictly  either  the  one  or  the  other. 

The  fact  that  lecithin  plays  a  part  in  immunity  reactions, 
and  the  fact  that  lecithin  is  associated  with  pseudo-globulin  or 
with  euglobulin,  would  throw  some  hght  on  the  observations  of 
Tedeschi,  and  only  brings  us  back  to  the  original  fact  that  the 
amount  of  albumen  (including  globulin)  may  form  an  index  as 
to  the  variety  of  the  fluid  being  studied. 

{k)  The  Chloride  versus  the  Achloride  Electrolytes. — 
In  the  course  of  studies  on  the  electro-conductivity  of  the 
various  fluids  which  have  been  examined,  it  was  first  noticed 
that  the  chloride-content  of  these  fluids  varied  very  greatly, 
according  to  the  causation  of  the  effusion.  As  one  would  expect, 
the  renal  dropsies  contain  a  relatively  largepercentageof  chlorides, 
while  the  exudates  due  to  severe  inflammatory  change  contain 
but  few.  This  observation  led  one  to  endeavour  to  ascertain 
whether  the  other  inorganic  constituents  of  the  effusion  under- 
went any  change.  The  comparison  of  the  actual  conductivity 
of  the  fluid  with  the  conductivity  which  the  fluid  would  have 
if  only  chlorides  were  present  to  the  amount  found  by  quanti- 
tative analysis  formed  the  basis  of  the  method  adopted  for  in- 
vestigating this  point.  The  principles  involved  in  this  type  of 
"  chemical  analysis,"  and  the  difficulties  in  the  way  of  a  just 
mterpretation,  with  indications  as  to  how  the  errors  can  largely 
be  obviated,  have  already  been  dealt  with  fully  (Section  I.,  under 
the  problem  of  adsorption  of  chlorine  by  egg-albumen  ;  Section 
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II.,  sub-section  2).    It  therefore  becomes  only  necessary  to  give 
an  account  of  the  results  obtained. 

Before  proceeding  with  the  relations  existing  between  the 
amount  of  chlorides  compared  with  that  of  achloride  electrolytes, 
it  will  be  advantageous  to  call  attention  for  the  moment  to  the 
variations  in  chloride-content  alone  which  obtain  in  different 
classes  of  fluids.    Reference  to  Table  IX.  will  show  the  striking 
fact  that  in  transudates  thi  concentration  of  chlorides  expressed 
as    gram-equivalent   (gram-molecule  per  litre)  is  always,  or 
nearly  always,  up  to  O'l,  while  in  fluids  associated  with  varying 
degrees  of  inflammatory  change,  or  with  disseminated  malignant 
disease,  the  figure  barely  reaches  0*07.    In  many  cases  the  fluid 
contained  in  ovarian  cysts  falls  to  a  stUl  lower  chloride-con- 
centration, as  will  be  seen  on  reference  to  Table  XIX.  The 
subcutaneous  fluids  resulting  from  cardiac  failure  or  from  renal 
inadequacy  follow  the  transudates  in  respect  of  their  chloride- 
content,  though  in  some  cases  the  fluid  is  remarkably  free  from 
inorganic  matter.    Again,  in  the  case  of  hydatid  cysts,  it  is 
usual  to  find  a  high  chloride-concentration,  a  feature  which  has 
so  far  been  also  met  with  in  cases  of  cerebrospinal  fluid.    It  is 
thus  evident  that  an  estimation  of  the  chlorides  is  a  considerable 
help  in  assigning  to  a  fluid  the  diagnosis  of  its  source.    That  is 
to  say,  a  fluid  obtained  from  the  abdomen  by  exploratory  punc- 
ture may  conceivably  be  a  transudate,  an  exudate,  an  ovarian 
cyst,  or  a  hydatid  cyst,  for  each  of  these  conditions  may  be  con- 
fused with  each  other  even  by  experienced  diagnosticians.  The 
clinical  pathologist  must  utilise  every  little  possible  factor 
which  will  help  him  to  decide  such  questions  when  a  puncture- 
fluid  is  handed  over  to  him  to  issue  a  report  upon  it.* 

Turning  now  to  the  Table  (XXIII.)  showing  the  electrolyte- 
content  of  exudates  and  transudates,  the  first  column  is  seen 
to  give  the  chloride-concentration,  the  second  column  gives 
the  degree  of  dissociation  possessed  by  such  a  solution  of  NaCl, 
from  which  value  it  becomes  possible  to  deduce  the  number  of 
molecules,  plus  ions,  in  that  solution.  The  next  column  (vi)  gives 
the  specific  conductivity,  the  values  being  given  as  whole  num- 
bers raised  to  the  power  of  lO-S  since  such  values  are  more 

*  Experience  of  the  bulk  of  the  precipitate  in  the  loo-cc.  flask  enables 
one  to  judge  roughly  of  the  quantity  of  the  chlorides  before  the  actual 
titration  has  been  carried  out. 
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tangible.*  This  value  has  been  arrived  at  by  correcting  the  con- 
ductivity found  both  for  temperature  (all  stand  at  i8°  C.)  and 
for  the  percentage  of  albumen,  f  The  corresponding  conduc- 
tivity of  a  solution  of  NaCl  of  the  same  strength  as  the  fluid  is 
given  in  the  next  column,  and  the  difference  between  the  two 
gives  that  portion  of  the  total  conductivity  which  is  to  be 
ascribed  to  the  achlorides.  Regarding  these  as  NaXO^  we  can 
express  the  number  of  molecules,  plus  ions,  per  litre  of  achlorides 
in  terms  of  NaoCOa.  The  last  column  but  one  gives  the  total 
concentration  of  electrolytes,  and  the  last  column  expresses  the 
ratio  of  achlorides  to  chlorides. 

Comparing  the  different  classes  of  fluid,  the  striking  feature 
will  be  found  to  be  that  in  the  case  of  exudations  the  ratio  named 
is  nearly  always  greater  than  unity,  and,  indeed,  is  frequently 
2,  3,  or  even  up  to  6.  The  transudates,  on  the  other  hand, 
show  a  ratio  which  is  never  more  than  eg.  That  is  to  say,  the 
transudates  contain  relatively  few  achlorides. 

Before  we  can  assert  that  such  a  series  of  observations  may 
be  relied  on  for  differential  diagnosis,  we  have  to  consider 
whether  an  explanation  for  the  findings  can  be  found.  This 
must  be  sought  in  the  essential  difference  between  a  typical 
exudate  and  a  typical  transudate.  The  most  conspicuous  differ- 
ence will  be  found  in  the  albumen-content.  The  presence  of  so 
large  an  amount  of  albumen  might  interfere  with  the  estimation 
of  the  chlorides  by  adsorption  or  other  circumstances,  or  the 
fact  that  nearly  all  the  fluid  disappears  when  so  highly  albu- 
minous a  fluid  is  boiled  might  lead  one  to  suspect  an  intrinsic 
error  in  the  estimation.  Both  of  these  explanations  can  be 
excluded,  however,  the  former  on  the  grounds  detailed  on  page 
i8,  and  the  latter  on  the  ground  that  there  is  an  undoubted 
difference  in  the  chloride-content  in  exudates. 

Another  consideration  is  as  to  the  permeability  of  the  in- 
flamed serous  membrane  for  the  different  ions.  The  difference 
cannot  have  any  relation  to  the  relative  tonicity  of  blood-serum 
and  fluid,  since  we  have  to  deal  with  a  difference  in  the  content 
of  various  salts.  On  the  other  hand,  just  as  with  questions  of 
absorption  of  lymph  from  a  serous  cavity  there  are  three  factors 

*  This  notation  has  been  employed  uniformly  through  this  work, 
t  The  formulae  available  for  this  correction  will  be  found  on  pp.  loo 
and  107. 
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to  consider — the  endothelial  layer,  the  capillaries,  and  the  con- 
nective tissue  canals — so  we  shall  have  to  consider  the  influence 
which  each  of  these  factors  can  have  in  allowing  certain  salts  to 
pass  through  and  not  others.  But  more  than  this,  we  have  to 
consider  the  effects  of  inflammation  of  the  serous  membrane, 
whereby  not  only  are  the  perivascular  lymph-spaces  filled  with 
fluid  of  abnormal  composition  and  the  endothehal  cells  under- 
going proliferation,  but  we  have  to  remember  that  the  endothelial 
cells  are  being  cast  off  into  the  fluid,  and  that  angiogenic  cells 
as  well  as  histogenic  cells  are  making  their  way  into  the  fluid  in 
question.  In  the  case  of  carcinomatosis  of  the  peritoneum,  too, 
there  is  also  the  discharge  into  the  fluid  of  the  carcinoma  ceUs  with 
the  products  of  their  disintegration  or  the  products  of  metabolism 
of  those  carcinomatous  cells  which  have  not  been  shed. 

According  to  experiments  made  by  Hamburger,  artificially 
induced  inflammation  or  injury  short  of  inflammation  of  a  serous 
membrane  does  not  cause  any  change  in  the  phenomena  of 
absorption  from  that  cavity,  so  that  we  may  presume  that  the 
problem  to  be  solved  is  the  same  whether  we  are  dealing  with 
the  ordinary  three  factors  above  referred  to  or  with  the  same 
factors  in  a  state  of  disease.  Such  experiments,  however,  as 
Hamburger  performed  (injection  of  strong  salt  solutions  after 
chemical  and  thermal  injury  to  the  peritoneum)  do  not  affect 
the  probability  that  the  cellular  elements  which  are  discharged 
into  the  peritoneal  cavity  when  the  membrane  is  inflamed  will 
cause  a  change  in  its  composition. 

Hamburger,  in  a  series  of  experiments  on  the  influence  of  pressure 
on  absorption  from  the  connective-tissues,  came  to  the  conclusion  that 
increased  pressure  does  not  allow  proportionately  as  much  NaCl  to  pass 
out  from  the  blood  into  the  tissues  as  does  a  lower  pressure.  The  pro- 
cess seems  to  him  to  be  purely  physical  and  to  depend  on  the  lower  chloride- 
concentration  in  the  tissues  to  that  in  the  blood.  If  other  salts  are  present 
in  the  tissues,  these  will  pass  into  the  blood,  while  the  NaCl  passes  out. 
This  is  probably  in  accordance  with  Hamburger's  principle  that  unless 
an  ion  passes  out  of,  say,  a  red  cell,  another  ion  cannot  enter. 

Permeability  of  Cells  to  Ions. — Urea,  sodium  chloride, 
and  dextrose  were  found  by  Lazarus-Barlow  to  pass  through 
an  artificial  membrane  with  distinctly  varying  velocities,  and 
Roth  proved  that  the  same  fact  holds  good  for  the  living 
peritoneum,  urea  passing  through  most  rapidly,  while  dextrose 
passed  through  least  rapidly  of  the  thiee.    Following  on  these 
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observations,  an  extensive  series  of  researches  on  the  per- 
meabihty  of  red  cells  for  the  various  ions  were  made  by  Hedin, 
Gryns,  and  Overton,  and  then  by  Hamburger.  Leaving  the 
organic  substances  to  which  red  cells  are  permeable  or  no  out 
of  count  for  the  present,  we  find  that  red  cells  are  quite  im- 
permeahle  for  Ca",  Sr",  Ba",  Mg",  but  permeable  for  NH4/'  free 
acids,  and  free  alkalies.  Leucocytes  are  permeable  for  CI', 
SO/',  and  NO3,  and  if  the  solution  in  which  they  lie  contain 
CO2  they  will  lose  CO3".  This  is  an  important  fact,  for  it  shows 
us  that  if  CO2  is  present  in  an  effusion  the  result  will  be  the 
passage  of  carbonates  from  the  cellular  elements  in  it  into  the 
fluid,  and  the  absorption  of  CI  and  achlorides  other  than  CO3 
into  the  cellular  elements  from  the  fluid.  The  result  will  be 
that  the  concentration  of  the  carbonates  will  rise,  and  that  of  the 
chlorides  fall.  The  analysis  of  pus-ceUs  (see  p.  146)  shows  that  the 
achloride  salts  other  than  carbonates  are  not  abundant,  so  that 
the  passage  of  carbonates  out  will  have  more  effect  on  the  electro- 
lyte-content than  will  the  passage  of  the  other  electrol5^es  into 
the  cells  (loss  from  the  fluid).  This,  then,  in  such  a  fluid  as  a 
purulent  exudate  would  account  very  well  for  the  finding  of 
preponderance  of  achloride  over  chloride  electrolyte.  In  those 
inflammatory  fluids  where  actual  pus  is  not  present,  there  may 
be  nevertheless  enough  cellular  elements  to  account  for  the 
phenomenon,  and  in  the  case  of  malignant  effusions  and  tuber- 
culous effusions  where  there  is  an  out-pouring  of  red  cells  (limited 
in  amount,  it  is  true),  the  permeability  properties  of  the  latter  will 
also  assist  in  the  production  of  the  ratio  which  is  under  discussion. 

It  may  be  urged  that  we  do  not  know  that  CO2  is  present  in 
a  peritoneal  fluid,  except  in  so  far  as  may  be  assumed  from  the 
alkaline  reaction. 

When  we  come  to  consider  the  influence  which  the  endo- 
thelium will  have,  we  come  upon  less  known  ground.  As  far  as 
the  researches  of  Hober  show,  CI  is  much  more  readily  taken  up 
than  any  other  salt,  but  this  will  not  afford  any  explanation  of 
the  preponderance  of  NaCl  in  a  transudate.  The  rate  of  migra- 
tion of  the  ions  will  not  help  here,  excepting  that  CO3  has  a 
rather  slower  rate  (65)  than  the  others  (70-73). 

Just  as  there  is  a  difficulty  in  assigning  a  proper  place  to  the 
endothelial  layer,  so  there  is  a  difficulty  in  discovering  what  may 
be  the  influence  of  the  endothelial  walls  of  the  capillaries,  or. 
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indeed,  the  intercellular  substance  of  the  endothehal  Hning  of  the 
peritoneum.    The  influence  which  the  connective  tissue  canals 
exert  is  the  same  as  that  exerted  by  the  endothelium,  according 
to  the  experiments  of  Starling.    That  is  to  say,  they  readily 
take  up  isotonic  NaCl  solutions.    If  we  consider  a  large  vessel 
containing  NaCl  and  albumen,  separated  from  another  smaller 
vessel  by  a  permeable  membrane  containing  a  similar  salt  solu- 
tion, but  no  albumen,  then,  according  to  Starling's  simile,  the 
albuminous  fluid  will  attract  water  from  the  non-albuminous 
side,  with  a  resulting  increase  in  the  concentration  of  that  fluid. 
Some  NaCl  will  therefore  diffuse  into  the  larger  cavity,  and  the 
osmotic  pressure  of  the  smaller  will  fall.    The  large  cavity 
represents  the  blood,  and  the  smaU  one  represents  the  lymphatics 
and  the  peritoneum.    The  difference  in  the  amount  of  proteid 
will  cause  a  difference  in  the  water- attraction  of  the  two  sides, 
and  cause  NaCl  to  leave  the  fluid  and  enter  the  blood.  In 
exudates,  where  the  albumen-content  will  about  equal  that  of  the 
serum,  there  will  therefore  be  no  passage  of  NaCl  from  exudate 
into  the  blood  ;  in  transudates,  on  the  other  hand,  there  should 
be  a  passage  of  NaCl  into  the  blood,  which  wDl  bring  us  to  the 
conclusion  that  in  the  exudate  there  is  more  NaCl  in  the  fluid 
than  there  is  in  the  transudate.    This  apparent  contradiction 
is,  however,  to  be  explained  thus  :  that  (i)  in  the  effusion  there 
has  been  a  reverse  of  a  normal  process,  for  filtration  with  diffu- 
sion and  a  change  in  osmotic  pressure  causes  fluid  to  be  poured 
out  into  the  serous  cavity.    The  movement  of  ions  is  in  the 
opposite  direction.    So  the  result  is  that  in  a  transudate  there  will 
be  more  ready  passage  of  NaCl  into  the  cavity.    In  the  exudate, 
on  the  other  hand,  where  there  is  a  process  of  secretion  on  the 
part  of  the  serosa,  this  reverse  flow  of  fluid  has  nothing  to  do 
with  mere  filtration  or  diffusion.    (2)  In  the  renal  transudate  it 
is  the  excess  of  NaCl  which  is  causing  outpouring  of  fluid  into 
every  available  space,  in  order  to  procure  its  solution  isotonically 
with  the  blood. 

Probably  it  is  here  that  the  explanation  of  the  diffei-ences  in 
chemical  composition  is  to  be  found :  in  inflammation  there  is 
a  secretion,  in  transudation  there  are  merely  physical  factors. 
And  added  on  to  that  we  have  the  excess  of  cellular  elements 
in  the  exudate  as  compared  with  the  transudate,  a  fact  which 
affords  full  play  for  the  varying  permeability  of  ions  to  cells  to 
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take  place.  It  may,  however,  be  argued  that  in  the  process 
of  inflammation  the  endothehum  of  the  vessels  and  of  the 
serosa  as  well  as  its  permeability  for  ions  is  altered,  while 
the  increased  pressure  in  the  capillaries  of  the  inflamed  peri- 
toneum will  also  affect  the  osmotic  processes. 

To  what  extent  the  permeability  of  carcinoma  cells  may  have 
an  influence  in  the  question  of  carcinomatous  effusions  having 
an  increased  achloride-content  it  is  not  possible  to  decide,  in  the 
absence  of  any  experiments  on  the  permeability  of  such  cells 
for  the  various  ions.  But  probably  their  influence  is  rather 
in  the  direction  of  their  chemical  composition,  since  so  many  of 
them  are  shed  and  in  a  state  of  disintegration.  Here  the  fact 
that  we  have  more  potassium  salts  than  sodium  salts,  and  more 
phosphates  than  chlorides  in  the  cells,  will  serve  to  indicate 
a  possible  explanation.  The  chemistry  of  carcinoma  and  sax'- 
coma  tissue  is,  however,  not  well  enough  known  to  enable  us  to 
base  any  opinions  upon  this  aspect  of  the  question. 

In  conclusion  it  may  be  said,  then,  the  difference  in  electro- 
lyte-content of  transudates  from  exudates  is  sufficiently  funda- 
mental to  allow  of  its  forming  a  basis  of  diagnosis  in  practical 
work.  At  the  same  time  it  must  be  insisted  that  this  is  not 
necessarily  an  infallible  test,  and  exceptions  are  sure  to  be  met 
with  ;  indeed,  in  some  of  the  tabulated  cases  there  are  such 
exceptions  recorded  (Nos.  8344,  6677,  6662).  An  interesting 
example  of  this  kind  is  afforded  by  No.  8358,  pleural  fluid.  This 
was  a  case  of  apparent  hydrothorax  and  hydroperitoneum  due 
to  renal  disease.  The  ratio  is  seen  to  be  I'og,  which  would  be  an 
exception  to  the  rule,  since  the  renal  fluid  should  be  transudatory. 
The  explanation  is  that  the  pleural  cavity  had  been  filled  with  an 
inflammatory  fluid  owing  to  a  complicating  inflammation  with 
adhesions.  In  6667  and  6662  the  inflammatory  character  of  the 
pleural  fluid  is  not  certain.  But  the  occurrence  of  such  excep- 
tions may  be  courted,  from  the  scientific  standpoint,  as,  in  all 
probability,  when  the  explanation  for  such  exceptions  is  found 
we  shall  have  obtained  a  deeper  insight  into  the  constitution  of 
body-fluids  under  certain  conditions  than  was  before  possible. 

(/)  Cytodiagnosis.— This  section  of  the  differential  diagnosis 
problem  is  dealt  with  in  the  succeeding  section. 
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Sources  of  failure  in  practical  diagnosis — Methods  of  examination — The 
results  afforded  by  cytodiagnosis — Heinz'  researches — Lymphocytes, 
pseudo-lymphocytes,  polynucleosis,  endothelial  cells,  large  mono- 
nuclear cells,  eosinophUe  cells,  mast  cells,  red  blood  cells,  carcinoma 
cells — The  special  features  of  hydrocele  fluid,  of  joint  fluids,  of  cere- 
brospinal fluid — Ovarian  cysts — Special  findings  in  the  deposit  of 
puncture-fluids — Artificial  scheme  for  cytodiagnosis — The  chemistry 
of  the  cell  elements. 

The  study  of  the  cellular  elements  in  exudates  and  transudates 
was  not  prosecuted  systematically  until  after  the  publication 
of  the  work  of  Widal  and  Ravaut  at  so  recent  a  date  as  1900. 
Their  observation,  among  many  others,  that  tuberculous  effusions 
were  associated  with  an  excess  of  lymphocytes  in  the  fluid 
aroused  instant  and  widespread  interest  in  the  subject,  and  the 
literature  on  "  cytodiagnosis  "  has  steadily  come  to  assume 
exceedingly  formidable  proportions. 

It  may  perhaps  be  said  that  the  enthusiasm  which  ascribed 
to  this  study  an  almost  pathognomonic  importance  has  now 
simmered  down  into  a  more  sober  realisation  that  lymphocytes 
may  be  in  excess  in  other  fluids  than  those  excited  by  tubercle 
baciUi,  while  even  the  latter  may  at  certain  stages  be  associated 
with  excess  of  polynuclear  leucocytes  in  the  fluid. 

A  possible  explanation  for  the  undoubted  discordance  in  the 
results  obtained  by  cytological  examination  of  puncture-fluids 
may  be  found  in  the  objection  made  by  SahU  that  the  fluid 
obtained  by  aspiration  does  not  necessarily  accurately  represent 
the  cellular  characters  of  the  fluid,  owing  to  the  inevitable 
influence  of  gravity  on  the  deposition  of  the  cells  whose  specific 
gravity  shows  variations.  The  cells  in  the  deepest  layers  would 
escape  the  exploratory  puncture. 
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Again,  when  the  cellular  elements  become  entangled  in  a 
fibrinous  coagulum,  it  does  not  necessarily  follow  that  all  the 
varieties  of  cells  will  become  entangled  in  equal  proportions. 

Lastly,  it  must  be  admitted  that  the  cellular  characters 
found  to  exist  in  a  fluid  really  only  represent  the  condition  of 
that  fluid  at  the  moment  of  tapping,  and  a  subsequent  observation 
may  reveal  an  entire  change  in  the  cytological  picture. 

In  view  of  the  fact  that  so  much  has  been  written  on  the 
facts  of  cytodiagnosis,  it  is  not  proposed  to  enter  at  all  fully  inta 
the  various  phases  of  the  subject,  and  it  is  rather  with  the  view 
of  suggesting  that  the  cellular  characters  of  a  fluid  may  throw 
light  on  its  chemical  characters  that  the  subject  is  at  all  ap- 
proached. The  quite  recent  (1908)  publication  of  a  monograph 
on  cytodiagnosis  by  Koniger  renders  a  detailed  description  the 
more  superfluous,  as  that  work  can  be  thoroughly  recommended 
for  its  clearness  and  comprehensiveness  to  all  who  are  interested 
in  the  subject. 

METHODS  OF  PREPARATION  OF  THE  CELLS 

The  deposit  from  a  fluid  may  be  examined  both  unstained, 
and  after  staining  by  various  methods.  It  is  advisable  to  com- 
bine the  two  methods,  as  much  can  be  learnt  from  the  appearance 
of  the  ceUs  in  a  fresh  condition  that  would  be  lost  during  the 
process  of  staining,  especially  as  regards  carcinoma  cells.  As 
regards  staining  methods,  Jenner's  stain,  answering  as  it  does  all 
purposes,  is  most  to  be  recommended.  The  exact  formulae,  etc., 
of  this  or  other  stains  wiU  be  found  in  several  exhaustive  works 
that  have  appeared  on  blood-ceU  technique. 

The  Collection  of  the  Deposit. — In  the  case  of  fluids 
which  do  not  coagulate  spontaneously,  the  cellular  elements 
separate  out  on  standing,  and  are  readily  pipetted  off.  It  is, 
however,  advisable  to  prevent  any  risk  of  decomposition  of 
the  very  dehcate  cells,  by  centrifugalising  the  fluid  as  soon  as 
possible.  Dilution  with  citrate  of  soda  before  centrifugalisa- 
tion,  pouring  off  the  supernatant  fluid,  and  shaking  up  again 
with  sahne,  with  re-centrifugalisation  (after  the  method  of 
Sir  A.  E.  Wright  for  white  cells),  can  be  highly  recommended, 
since  the  removal  of  the  albumen  in  this  way  greatly  facihtates 
staining.    The  risk,  however,  of  breaking  up  degenerate  endo- 
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thelial  cells  or  vacuolated  carcinoma  cells  has  to  be  borne  in 
mind. 

In  cases  where  a  coagulum  has  formed  before  the  fluid  comes 
to  hand  for  examination,  it  may  suffice  to  take  a  small  snipping 
of  the  coagulum  and  examine  it  fresh  (no  diluting  fluid  to  be  used). 
If  the  result  is  not  satisfactory,  some  of  the  coagulum  may  be 
stirred  about  in  a  small  quantity  of  fluid  placed  in  a  watch-glass, 
using  a  platinum  wire  as  stirrer.  The  fluid  may  then  be  centri- 
fugalised.  The  risk  is,  of  course,  that  the  deposit  will  not  then 
exactly  represent  the  characters  of  the  deposit,  owing  to  uneven 
separation  of  the  cells.  The  unstained  snipping  may  then  be 
used  as  a  control. 

Preparation  of  the  Film. — For  fresh  specimens  a  drop  is 
simply  covered  with  a  cover  and  examined  with  the  ^th.  For 
stained  preparations  a  thin  film  is  spread  on  a  slide,*  preferably 
albumenised,  and  allowed  to  dry  on  a  shelf  arranged  on  the  paraffin 
oven.  A  saturated  solution  of  Jenner's  stain  (Grubler,  e.g.)  in 
anhydrous  acetone-free  methyl  alcohol  (Merck)  is  prepared  in  a 
well-fitting  stoppered  bottle,  and  a  couple  of  drops  are  allowed 
to  fall  on  the  film.  A  Petri  dish  is  convenient  as  a  cover  for  the 
ordinary  3-inch  slide.  After  two  minutes  f  the  slide  is  gently 
washed  in  distilled  water  till  the  pink  colour  appears,  and  dried 
by  the  application  of  "  fluffless  "  blotting-paper,  followed  by  a 
momentary  warmth  in  the  hollow  of  the  hand  over  a  Bunsen 
flame.  The  preparation  is  now  ready  for  examination  with  an 
oil-immersion  lens.  The  staining  effects  are  illustrated  on 
accompanying  plates. 

Though  special  works  on  blood-cell  technique  will  mention 
the  precautions  needed  in  the  use  of  Jenner's  stain,  besides 
explaining  the  chemistry  of  the  stain,  it  may  be  mentioned  (i)  that 
the  stopper  of  the  bottle  must  be  "  turned  off  "  when  not  in  use  ; 
(2)  that  no  time  must  be  lost  in  applying  the  Petri  dish  after 
pouring  on  the  stain  ;  (3)  that  the  time  of  staining  must  not  be 

*  Slides  are  much  preferable  to  cover-glasses  for  cytological  and  bac- 
teriological work  of  all  kinds.  The  whole  slide  is  covered  with  deposit, 
save  a  strip  at  one  end,  which  is  left  free  for  the  fingers.  One  slide  will  then 
have  as  much  on  as  many  coverslips,  and  a  sliding  stage  enables  the  work 
to  be  done  with  much  less  labour  than  is  involved  in  using  several  cover- 
slips. 

t  A  two-minute  sand  time-glass  is  most  handy. 
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exceeded  ;  (4)  that  the  washing  must  be  carefuUy  watched  till 
the  colour  jusi  appears  ;  (5)  that  no  time  must  be  lost  in  drying. 

"  Another  method,  recommended  by  Jagri,  is  to  add  2  per  cent, 
formalin  to  the  fluid  whose  cells  are  to  be  examined,  centrifuge 
off  the  deposit  after  a  few  hours,  and  then  stain  with  a  freshly 
prepared  Giemsa  solution  in  glycerin  and  methyl  alcohol.  The 
cells  should  be  examined  while  in  the  stain. 

The  Results  afforded  by  Cytodiagnosis.— The  cells  of 
a  puncture-fluid  may  be  either  enumerated  in  a  counting-chamber 
or  may  be  subjected  to  a  "  differential  count."  Sometimes  it 
is  advisable  to  perform  both  forms  of  counting.  The  second 
count  is,  however,  much  more  generally  useful,  especially  as  by  its 
means  we  can  watch  the  progressive  changes  in  the  cellular 
constitution  of  an  effusion — changes  which  occasionally  afford 
valuable  prognostic  indications.  The  insight  into  diagnosis 
is  indicated  by  the  following  considerations :  If  inflammation 
supervenes  during  the  course  of  a  passive  accumulation  of  fluid, 
the  cytological  picture  will  become  completely  changed,  as  will 
be  shown  later ;  or  if  recovery  is  taking  place  from  an  inflam- 
matory effusion  another  change  will  be  found  to  take  place  in 
the  relative  proportion  of  the  cells  ;  or,  yet  again,  if  inflamma- 
tion arises  in  the  neighbourhood  of  a  serous  membrane  into 
which  there  is  already  an  effusion  from  passive  causes,  the 
cellular  elements  will  be  altered,  even  though  the  inflammation 
has  not  affected  the  serous  membrane  itself. 

It  will  be  necessary  to  refer  to  these  points  again,  but  to 
avoid  repetition  it  will  be  more  satisfactory  to  discuss  each  class 
of  cell  that  may  occur  in  a  puncture-fluid,  and  its  relations  to 
disease,  than  to  discuss  the  diseases,  with  reference  to  their 
cytological  characters,  or,  as  it  is  termed,  their  "  cytological 
formula." 

A  series  of  researches  made  by  Heinz  in  igoo  throw  much 
light  on  the  occurrence  of  different  cytological  formulas,  although 
no  particular  notice  seems  to  have  been  hitherto  taken  of  his 
work.  This  observer  studied  the  effects  of  artificially  induced  in- 
flammation of  the  peritoneum  in  rabbits  (injections  of  emulsions 
of  turpentine  and  of  iodine).  The  result  was  an  accumulation  of 
leucocytes  beneath  the  endothelium  at  the  spots  at  which  the 
irritation  came  in  contact.  Little  raised  masses  consisting  of 
fibrin  filaments  (due  to  coagulation  of  outpoured  serum)  in- 
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filtrated  by  these  leucocytes,  appeared,  and  subsequently  fibre 
blasts  replaced  the  coagulated  material,  which  was  still  covered 
by  an  intact  serosa.  As  the  inflammation  proceeded,  however, 
the  endothelial  cells  began  to  proliferate  and  assume  a  more 
cubical  shape,  their  cell-body  became  more  granular,  and  their 
nucleus  larger  and  richer  in  chromatin,  with  development  of 
mitotic  figures.  Delicate  strands  of  cells  and  membranous 
structures  made  their  appearance  still  later,  until  the  tag-like 
processes  of  a  cor  villosum  were  produced,  and  these  tags  were 
also  covered  by  several  thicknesses  of  cubical  epithelial  cells 
showing  numerous  mitotic  figures.  These  young  embryonic 
cells  formed  part  of  a  new  mucoid  tissue  which  was  vascularised 
from  the  serosa  vessels.  The  liberation  of  such  cells,  as  well  as  a 
liberation  of  poljmuclear  cells,  would  give  a  distinctive  character 
to  the  exudate,  varying  according  to  the  stage  at  which  the 
inflammatory  change  had  reached. 

The  exact  course  which  the  inflammatory  processes  is  going 
to  take,  the  intensity  of  the  inflammation,  and  the  degree  of 
proliferation  of  the  endothelium  of  the  serous  membrane  will 
all  influence  the  cytological  formula,  and  the  significance  of  the 
findings  in  a  given  exudate  or  transudate  will  depend  on  a  due 
consideration  of  all  these  factors. 


THE  CELLS  WHICH  OCCUR  IN  EXUDATES  AND 
TRANSUDATES 

I.  Lymphocytes. — The  preponderance  of  lymphocytes  in 
an  effusion  under  certain  conditions,  especially  tuberculous 
conditions,  was  the  first  fact  about  cytodiagnosis  to  which 
attention  was  directed. 

If  we  inquire  into  the  possible  source  from  which  the  lympho- 
cytes of  an  effusion  are  derived,  we  shall  find  that  they  may 
be  classified  into  angiogenic,  endotheliogenic  and  histiogenic 
lymphocytes,  though  it  is  not  possible  to  decide  between  them 
as  they  are  met  in  an  ordinary  preparation.  The  angiogenic 
lymphocytes  are  those  which  have  wandered,  by  their  intrinsic 
power  of  wandering,  from  the  blood  stream  or  from  the  lymphatics. 
The  endotheliogenic  lymphocytes  include  those  forms  which 
are  really  pseudo-lymphocytes,  the  result  of  degeneration  of 
polynuclear  or  of  endothelial  cells.    The  histiogenic  Ijmipho- 


CYTODIAGNOSIS 


223 


cytes  have  come  from  the  lymphatic  tis&ues  that  enclose  the 
blood-vessels  supplying  the  serous  membranes.  Signorelli  sup- 
poses that  lymphocytes  may  be  derived  from  proliferation  at 
the  site  of  effusion. 

It  may  be  said  that  lymphocytes  in  an  effusion  are  a  response 
to  a  stimulus  of  low  activity,  the  reaction  on  the  part  of  the 
tissues  in  the  immediate  locality  of  a  cUsease  which  does  not 
seriously  implicate  the  rest  of  the  organism.  They  are  therefore 
most  frequent  in  effusions  of  a  chronic  nature,  and  if  they  do 
occur  in  the  course  of  acute  disease,  it  is  because  there  are  repara- 
tive processes  going  on  in  the  damaged  tissues.*  A  weak 
stimulus  spread  over  a  long  space  of  time  constitutes  two 
factors,  which,  existing  as  they  do  in  tuberculous  disease, 
serve  to  explain  the  frequency  with  which  lymphocytotic  effu- 
sions occur  in  tubercle.f  Where  exceptions  to  this  rule  occur, 
the  explanation  must  be  sought  in  some  superadded  acute 
condition,  or  in  greater  toxicity  of  the  micro-organisms,  or  in 
the  presence  of  other  micro-organisms  as  well,  unless  there  be 
deficient  resistance  on  the  part  of  the  individual. 

The  preponderance  of  lymphocytes  is  a  feature  not  only  of 
pleural  tuberculous  effusions  J  (especially  at  the  end  of  the 
second  week),  but  also  of  tubercle  of  the  peritoneum,  joints, 
tendon  sheaths,  and  any  serous  cavity.  It  may  be  said  that 
if  lymphocytic  effusion  be  of  acute  onset,  it  is  certainly 
tuberculous,  and  that  the  appearance  of  lymphocytosis  after  a 
polynucleosis  indicates  a  favourable  prognosis.  When  poly- 
nucleosis gives  place  to  a  lymphocytic  phase  in  the  course  of 
secondary  tubercle  of  the  serous  membranes,  there  will  be  an 
absolute  increase  in  the  number  of  cells  per  cubic  millimetre. 

Lymphocytes  are  also  met  with  in  considerable  number  in 
transudates  of  mechanical  origin, §  but  in  nephritic  transudates 
they  number  less  than  20  per  cent.||    According  to  Signorelli, 

*  Signorelli. 

t  This  fact  has  been  verified  by  many  observers.  It  is  only  necessary 
to  mention  Widal,  Ravaut,  Wolff,  Quincke,  Ehrlich,  Grawitz,  Raubitschek, 
Koster,  Vargas-Suarez,  Stassewicz,  Jacobsohn,  Steinbach,  v.  Ketley  and 
v.  Torday.    The  percentage  of  lymphocytes  varies  from  70  to  95. 

X  Attention  may  be  drawn  to  the  fact  that  the  connective  tissue  of 
tuberculous  lesions  is  often  densely  infiltrated  with  histiogeaic  lymphocytes. 

§  V.  Ketley  and  v.  Torday,  Bunting. 

II  Stassewciz. 
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lymphocytes  in  excessive  amount  may  be  expected  in  effusions 
associated  with  disease  of  the  lymphatic  system. 

Errors  of  Diagnosis  of  Lymphocytes 

1.  Dead  endothelial  cells  (Plate  2,  Fig.  4)  may  assume  the 
aspect  of  lymphocytes.*  2.  Dead  folynuclear  cells  may  also 
simulate  them.  3.  Sarcoma  cells  differ  from  lymphocytes 
because  the  former  stain  differently  and  their  nuclei  contain 
less  chromatin.  4.  Lymphocytes  may  themselves  undergo  ne- 
crotic changes,  when  fat  droplets  and  vacuoles  appear. 
5.  Pseudo-lymphocytes  are  probably  of  various  kinds.  They 
include  Nos.  i  and  2  of  the  above  list,  and  also  new-formed 
embryonic  connective  tissue  cells  (young  fibroblasts). 

Pseudo-lymphocytes  are  most  frequent  in  those  tuberculous 
exudates  which  are  associated  with  lymphocytosis  (Koniger). 

The  following  are  distinguishing  features  :  the  size  is  that 
of  a  lymphocyte,  the  nucleus  is  relatively  large,  round,  rich  in 
chromatin,  and  stains  deeply.  The  cytoplasm  is  moderately 
abundant  and  sometimes  contains  neutrophile  granules.  Often 
they  have  much  resemblance  to  nucleated  red  cells. 

2.  Polynucleosis. — The  appearance  of  polynuclear  cells  in 
an  exudate  may  be  looked  on  as  the  expression  of  a  general 
reaction  on  the  part  of  the  individual  against  a  more  severe 
infection.  The  more  virulent  the  infection  the  more  decided 
will  the  poljmucleosis  be.  It  is  met  with  in  empyema,  pyopneu- 
mothorax, in  the  initial  stage  of  tubercle,  especially  when  starting 
in  another  organ,  and  especially  in  tuberculous  pericardial  effusions 
or  when  tuberculous  disease  in  the  lung  is  undergoing  caseation. 

As  a  general  rule ,  the  number  of  these  cells  diminishes  as  the 
case  progresses  towards  recovery,  and  lymphocytosis  takes  its 
place.  On  the  other  hand,  if  polynucleosis  takes  the  place  of  a 
lymphocytosis  in  a  pleural  effusion  in  a  cardiac  case,  one  should 
suspect  the  development  of  an  infarct.  The  state  of  preservation 
of  these  cells  occasionally  gives  a  clue  to  the  nature  of  the  case. 

Errors  of  Diagnosis  of  Polynuclear  Cells. — They 
may  be  simulated  by  degenerate  cells  of  other  kinds,  owing 
to  fragmentation  of  the  nucleus.  Careful  focussing  will  assist 
in  distinguishing  them. 

*  Patella. 
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Pseudo-lymphocytes  have  been  referred  to  (p.  224). 

Poly  nuclear  cells  may  themselves  undergo  degenerative 
changes.  •  There  is  then  fragmentation  of  the  nucleus,  disappear- 
ance of  granules,  swelling  of  the  cell-body  ("  hydrops  "),  loss  of 
staining  power  of  the  nucleus,  and  even  bursting  of  the  cells. 
Such  degenerate  cells  may  be  found  as  cell-inclusions  in  endo- 
thelial cells.  Shrinkage  of  polynuclear  cells,  with  fragmentation 
of  the  nucleus,  occurs  in  tuberculous  pleurisy  secondary  to  pul- 
monary disease. 

3.  Endothelial  Cells. — (Plate  i,   figs.   2    and   4.) — The 

presence  of  a  large  number  of  endothelial  cells  in  a  fluid  is  suffi- 
cient to  enable  one  to  exclude  an  ordinary  inflammatory  process. 
They  are  especially  characteristic  of  transudations  from  back- 
pressure and  may  then  form  99  per  cent,  of  the  total  cells.  As  one 
would  expect,  they  are  derived  from  proliferation  of  the  endothe- 
lium of  the  serous  membrane,  the  proliferated  cells  becoming  shed. 
They  are  more  likely  to  appear  as  a  result  of  repeated  tapping  of 
<i  serous  cavity,  presuming  that  the  effusion  is  purely  of  mechani- 
cal origin.  In  cases  of  inflammatory  effusion  there  will  be  no 
change  in  the  variety  of  the  cellular  elements,  a  fact  which  is 
of  great  importance  in  differentiating  doubtful  cases  of  tubercle, 
for  instance. 

A  large  number  of  endothelial  cells  in  an  effusion  of  traumatic 
origin  may  be  looked  on  as  a  good  prognostic  sign,  especially  if 
any  polynuclear  cells  that  may  co-exist  are  in  a  good  state  of 
preservation.  It  must  be  borne  in  mind  that  some  cases  of 
tubercle  show  even  as  much  as  60  per  cent,  of  endothelial  cells 
in  the  early  stages  of  an  effusion,  while  they  disappear  later  on. 

The  presence  of  endothelial  cells  in  a  peritoneal  fluid  in  cases 
of  simple  ovarian  tumour  has  been  noted  by  some  observers. 


Errors  in  Diagnosis  of  Endothelial  Cells. 

1.  Leucocytes.— li  endothelial  cells,  in  virtue  of  their  phago- 
cytic powers,  have  taken  up  leucocytes,  they  may  come  to  be 
mistaken  for  the  latter. 

2.  Carcinoma  Cells. —It  has  often  been  said  that  one  cannot 
distinguish  between  these  two,*  but  so  definite  a  negation  must 

*  Lately,  Sawyer,  1908. 
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be  disputed.  The  characters  of  endothehal  cells  and  of  carcinoma 
cells  are  shown  on  Plate  i,  figs.  2  and  4,  and  Plate  2,  fig.  3,  the 
use  of  colour  serving  to  accentuate  the  features.  We  may  say  that 
(a)  the  endothelial  cell  has  usually  a  very  large  cell-body,  with  a 
regular  oval  nucleus  (Plate  i,  fig.  2),  which  stains  but  feebly  with 
Jenner.  While  the  cell -body  may  show  vacuolation,  it  has  usually 
a  perfectly  uniform  structure,  (b)  The  cells  have  all  a  similar 
appearance.  Contrasting  carcinoma  cells,  we  find  that  here 
there  are  hardly  two  alike,  (i)  the  cytoplasm  never  stains 
uniformly,  and  is  (ii)  often  vacuolate  and  contains  fat  granules 
and  cell- inclusions  ("  bird's-eye-like  "  structures — Erben)  ;  (c) 
the  nucleus  under  favourable  circumstances  stains  deeply, 
and  shows  mitotic  figures,  often  of  heterotype  character, 
besides  frequently  containing  several  nucleoli  (Plate  2, 
fig.  3)  ;  {d)  the  adhesion  of  many  cells  in  a  bud-like  fashion 
is  frequent.  Some  of  the  cells  are  multinucleate,  (e)  It 
is  hardly  fair  to  cite,  in  exemplification  of  the  ability  to 
diagnose  cancer-cells,  the  appearance  of  the  phenomenon 
depicted  in  Plate  2,  fig.  i,  for  an  opportunity  of  this  kind 
must  be  rare.  It  is,  however,  conclusive.  The  fluid  in  this 
particular  case  was  turbid,  and  the  turbidity  was  found  to 
be  due  to  particles  formed  of  clusters  of  cells  of  perfectly 
distinctive  character  even  in  the  unstained  preparation.  The 
drawing  is  prepared  from  a  paraffin  section  made  from  a  mass  of 
the  deposit  that  was  dehydrated  and  embedded.  The  columnar 
shape  of  the  cells,  which  are  rather  degenerate,  and  the  central 
stroma,  are  shown.  It  is  of  course  not  certain  that  this  was  from  a 
peritoneal  fluid  rather  than  from  an  ovarian  cyst,  and,  unfortu- 
nately, neither  operation  nor  post-mortem  examination  was  per- 
mitted. (/)  The  usual  type  of  carcinomatosis  consists  of  a  diffuse 
growth  scattered  all  over  the  peritoneum  and  she ddingits  cells  into 
the  fluid  that  its  presence  has  excited.  These  cells  are  often  de- 
generate, and  cannot  be  distinguished  from  similarly  degenerate 
endothelial  cells.  A  comparison  of  all  the  cells  of  the  effusion 
and  a  search  for  some  better-preserved  types  may  reveal  the 
nature  of  the  case.  The  difficulties  are  of  course  insuperable 
where  there  is  much  endothelial  hyperplasia  85  weU  as  the  car- 
cinomatosis. Sohd  fragments  of  tissue  would  settle  the  diag- 
nosis, but  even  in  their  absence  the  diagnosis  is  not  as  hopeless 
as  some  would  have  us  believe.    The  drawings  referred  to  have 
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been  made  from  specimens  obtained  in  the  Leeds  General  In- 
firmary, and  are  from  cases  verified  post  mortem,  so  that  there 
can  be  no  plea  that  carcinoma  cells  were  not  present  in,  say, 
Plate  2,  fig.  3.  There  were  enormous  numbers  of  these  cells,  and 
there  was  also  pleural  carcinomatosis  absolutely  widespread. 

3.  Large  Mononuclear  Cells. — These  will  be  considered  under 
the  next  heading. 

4.  Large  Mononuclear  Cells. — These  cells  are  best  distin- 
guished in  unstained  preparations.  Changes  in  the  osmotic 
conditions  of  the  fluid  after  tapping  tend  to  alter  their  characters 
greatly,  so  that  early  examination  becomes  particularly  im- 
portant. They  are  depicted  in  fig.  4  of  Plate  i.  They  possess 
phagocytic  properties,  and  are  apparently  derived  sometimes 
from  connective  tissue  ceUs,  sometimes  from  endothelial  ceUs,  and 
sometimes  from  the  blood-stream,  while,  according  to  Marchand, 
they  may  come  from  the  perivascular  lymphatic  tissue  (leucocy- 
toid  cells).  The  phagocytic  cells  are  very  large  in  size,  and 
often  have  included  fragments  of  degenerate  cells.  If  they  are 
increasing  in  number  they  indicate  a  favourable  prognosis,  while 
if  they  are  absent  from  the  deposit  in  an  inflammatory  effusion, 
and  bacteria  appear,  their  absence  indicates  approaching  suppura- 
tion. In  early  tuberculous  effusions  they  may  number  i  per  cent, 
of  the  total  cells  (Bunting).  They  have  been  met  with  in  the 
pleural  effusion  associated  with  enteric  fever. 

5.  Eosinophile  Cells. — Two  classes  of  eosinophilia  may  be 
described — a  relative  and  an  absolute  eosinophilia.  The  latter 
exists  when  the  cells  number  from  10  up  to  74  per  cent,  of  the 
total  count.  The  significance  of  so  high  a  count  is  unknown, 
though  it  has  been  described  as  occurring  in  cases  of  acute  rheu- 
matism, in  nephritis,  and  in  convalescent  cases  of  tubercle. 
Burnet  regards  the  phenomenon  as  indicating  diminution  of  the 
virulence  of  the  organism,  while  Bibergeil  ascribed  it  to  chemo- 
tactic  influence  of  broken-down  endothelial  cells. 

There  is  generally  eosinophilia  of  the  blood  at  the  same  time, 
though  this  is  not  met  with  in  infective  cases,  with  the  exception 
of  syphilitic  cases,  as  Widal  and  Ravaut  record. 

Eosinophilia  has  been  described  in  several  cases  of  carcinoma, 
thus,  by  Erben,  by  v.  Starck,  by  Kroniger.    When  it  appears  in 
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an  effusion  which  developed  since  a  growth  was  noted  in  another 
part  of  the  body,  it  may  be  assumed  that  metastasis  has  taken 
place. 

In  V.  Starck's  case  there  were  also  enormous  cells  which  stained  badly, 
were  much  vacuolated  and  contained  peripherally  situated  nuclei.  He 
found  no  tumour  elements.  The  fluid  became  darker  in  colour  with 
repeated  tapping,  up  to  a  certain  point,  after  which  it  became  lighter  in 
colour. 

6.  Mast  Cells. — These  may  often  be  seen,  especially  if  the 
fluid  be  examined  rapidly.  They  occur  in  chronic  effusions 
chiefly,  and  are  pathological,  since  they  are  never  found  in  the 
normal  fluid  bathing  the  serous  membranes. 

7.  Red  Blood  Cells. — Apart  from  accidental  contamination, 
importance  has  always  been  attached  to  the  presence  of  blood 
in  an  effusion  as  indicating  either  tubercle,  carcinoma,  or  renal 
disease.  It  may  occur,  however,  in  metapneumonic  empyema  * 
and  in  rheumatic  cases. f  A  large  amount  of  blood  is  met  with 
in  those  rare  cases,  of  course,  where  a  thoracic  aneurism  is 
gradually  leaking  into  the  pleural  cavity.  In  such  a  case  the 
utmost  importance  will  be  attached  to  the  finding. 

8.  Carcinoma  or  Sarcoma  Cells  (Plate  2,  fig.  3). — The 
appearance  of  these  cells  in  an  exudate  may  be  looked  on  as  of 
diagnostic  value  to  an  extent  which  does  not  exist  in  the  diag- 
nosis of  carcinoma  of  any  solid  organ.  The  presence  of  carcinoma 
cells  in  the  sputum,  in  the  stomach  contents,  or  in  the  -ffeces  or 
urine  must  be  looked  upon  as  mainly  mythical,  as  it  is  out  of  the 
question  to  distinguish  between  malignant  cells  and  the  endo- 
thelial or  epithelial  cells  of  the  passages.  We  can  only  hope  to 
diagnose  the  condition  from  the  presence  of  cell-masses.  But  in 
serous  cavities  freer  conditions  obtain,  and  although  fragments 
of  tissue  may  occur,  the  individual  cells  are  much  more  capable 
of  accurate  study.  The  chief  features  of  diagnosis  have  been 
gone  into  fully  on  page  226,  and  need  not  be  again  described. 

Quincke  described  a  glycogen  reaction  in  carcinoma  cells, 
granules  visible  on  staining  with  iodine-gum  being  met  wdth 

*  Raubitschek  ;  also  a  recent  case  in  the  Leeds  General  Infirmar}\ 
t  Earl. 
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in  such  cells  ;  but  little  importance  can  be  attached  to  this  from 
the  diagnostic  point  of  view,  in  the  same  way  as  the  glycogen 
reaction  of  pus  cells  so  often  proves  misleading. 

Errors  in  Diagnosis. — (a)  Endothelial  cells,  when  en- 
tangled in  fibrin,  may  simulate  carcinoma  cells,  (b)  Vacuolated 
cells  may  occur  in  ascites  connected  simply  with  an  ovarian 
cyst,  or  in  benign  tumours  of  the  ovary.  The  most  serious 
difficulty,  however,  is  that  there  may  be  no  free  tumour  cells  at 
all  in  the  exudate,  or  that  those  which  were  shed  have  become 
dissolved.  Grenet  and  Vitry,  too,  describe  two  cases  in  which 
the  peritoneal  fluid  in  a  case  of  carcinomatosis  contained  only 
lymphocytes,  large  mononuclear  cells,  and  red  corpuscles. 

Certain  Special  Fluids. 

Hydrocele  Fluid. — Flakes  of  endothelial  cells  or  isolated 
cells  are  met  with  in  large  numbers  in  simple  hydrocele,  and 
sometimes  they  are  abundant  in  chronic  hydrocele.  As  a  rule, 
the  other  cellular  elements  follow  the  familiar  types.  Lympho- 
cytes preponderate  in  tuberculous  hydrocele,  or  in  any  chronic 
inflammatory  process.  Polynucleosis,  on  the  other  hand,  is 
generally  (not  always)  associated  with  acute  inflammation — 
usually  gonococcal.  The  irritation  produced  by  tapping,  and 
especially  by  injecting  such  remedies  as  iodine,  will  result  in  the 
appearance  of  endothelial  cells  and  lymphocytes  (Julliard). 

Joint  Fluids. — In  the  effusions  into  joints  resulting  from 
various  causes  the  various  types  of  cell-elements  give  similar 
indications  to  those  of  other  serous  membranes.  Thus,  polynu- 
clear  cells  predominate  in  gonorrhoeal  or  acute  suppurative  cases, 
though,  if  there  be  no  pyrexia,  there  may  be  only  lymphocytes 
present.  The  same  polynucleosis  occurs  in  acute  rheumatism, 
and  in  irritation  after  tapping.  Lymphocytes  indicate  a  chronic 
affection,  much  less  frequently  tuberculous  than  with  other 
serous  membranes,  and  a  small  proportion  of  endothelial 
cells  is  frequently  met  with.  Rice-bodies  are  associated  with 
lymphocytosis.  Red  cells  are  likely  to  be  found  in  fair  number 
in  tuberculosis  of  joints.  Tabetic  joint  effusions  contain  very 
few  cells,  and  these  are  mostly  lymphocytes  and  large  mononuclear 
cells. 

Cerebrospinal  Fluid.— On  reviewing  the  enormous  accumu- 
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lation  of  literature  of  the  cytology  of  cerebrospinal  fluid  alone, 
we  strike  upon  one  great  fact,  namely,  that  in  functional  disease 
the  lumbar  puncture  will  show  few,  if  any,  cellular  elements  at 
all,  while  if  there  be  organic  disease  of  the  brain  or  spinal  cord, 
we  may  expect  to  find  a  considerable  number  of  cellular  elements, 
a  differential  count  of  which  will  assist  in  the  diagnosis  of  details 
with  similar  limitations  to  those  that  obtain  in  the  case  of  pleural 
and  peritoneal  fluids.  Probably  in  this  kind  of  fluid  the  real 
significance  of  lymphocytosis  or  poljmucleosis,  or  of  a  mixed 
type,  is  similar  to  that  which  obtains  for  pleural  and  peritoneal 
fluids,  namely,  that  it  is  not  so  much  a  question  of  tubercle 
or  other  organisms,  as  that  in  the  one  case  the  inflammatory 
change  is  of  a  much  less  active  kind,  demanding  fewer  phagocytes. 

The  varieties  of  cytological  formula  which  may  be  met  with 
may  be  grouped  under  the  following  headings  : 

{a)  Absence  of  cellular  elements,  or,  fewer  cells  than  two  per  cubic 
millimetre.  This  is  the  normal  condition,  as  shown  by  many 
investigators  (Schwarz,  Bronstein,  Verzeanu,  Devaux,  Schlesinger, 
and  others).  Cells  are  absent  in  such  purely  mental  diseases 
as  mania,  paranoia,  melancholia,  imbecility,  acute  alcoholism, 
delirium,  senile  dementia  (Merzbacher). 

If  there  be  no  cellular  elements  present,  or  if  their  number  be 
not  greater  than  two  per  cubic  mm.,  this  is  sufficient  to  exclude 
any  meningeal  inflammation,  syphilitic  meningitis,  and  such 
diseases  as  tabes,  superficial  gummata,  tumours,  hypertrophic 
pachymeningitis.  A  similar  condition  is  met  with  in  the  cerebro- 
spinal fluid  in  cases  of  herpes. 

(b)  Lymphocytosis. — This  term  denotes  either  a  relative  excess 
of  lymphocytes  over  the  other  cell-elements  or  it  means  that 
lymphocytes  constitute  the  only  cells  present. 

Lymphocytosis  occurs,  to  a  moderate  extent  only,  in  some 
cases  of  dementia  paralytica,  of  chronic  alcoholic  paralysis  and 
of  disseminated  sclerosis,  while  it  occasionaUy  occurs  in  perfectly 
normal  fluids  (Schwarz  and  Bronstein).  Speaking  broadly, 
lymphocytosis  occurs  in  any  meningeal  inflammation  that  is  of 
chronic  nature.  It  is  therefore  met  with  in  tuberculous  meningitis 
(especially  in  children),  in  syphflitic  meningitis,  whether  con- 
genital *  or  acquired. t  It  has  been  found  in  cases  of  herpes, 
*  Kretschmer. 

■f  Raubitschck,  Devaux,  Donath. 
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of  mumps,*  and  of  tabes,  as  well  as  in  epileptics  f  (showing 
that  epilepsy  is  not  purely  a  "functional"  disease).  It  has 
been  observed  that  when  lymphocytosis  occurs  in  a  syphilitic 
case  mercury  causes  the  cells  to  disappear. 

The  view  has  been  expressed  J  that  lymphocytosis  is  not 
characteristic  of  syphilitic  nervous  disease,  but  that  it  is  only 
present  if  the  meninges  are  involved. 

There  are  one  or  two  additional  points  to  note  about  this  type 
of  cell-predominance  :  (i)  its  development  during  the  course  of 
a  case  indicates  improvement.  (2)  If  polynucleosis  were  present 
before,  the  supervention  of  lymphocytosis  may  be  regarded  as  a 
favourable  sign.  (3)  It  is  not  present  during  the  initial  stages  of 
tuberculous  meningitis.  On  the  other  hand,  in  the  later  stages 
of  this  disease  one  may  expect  to  find  as  many  as  10,000  cells 
per  cubic  millimetre. 

(c)  Polynucleosis. — This  generally  signifies  an  acute  suppura- 
tive meningitis,  or,  at  any  rate,  acute  meningeal  disease.§  It 
may  develop  in  the  initial  stages  of  tuberculous  meningitis,  and 
is  often  continuously  present  in  the  tuberculous  meningitis  of 
adults.  It  is  met  with  in  cases  of  commencing  poliomyehtis, 
and  in  cases  of  herpes.  In  cerebrospinal  fever  there  is  an  excess 
of  polynuclear  cells  at  the  outset  of  the  disease,  and  at  each  exacer- 
bation of  the  fever.  Sawyer  gives  :  polynuclear  cells  84  per  cent., 
lymphocytes  15-6  per  cent.,  degenerate  cells  0-4  per  cent.  It 
may  occur  during  the  congestive  attacks  of  hemiplegia. 

It  is  important  to  note  the  state  of  the  preservation  of  these 
cells,  for  if  transient  aseptic  disease,  such  as  during  syphilitic 
nervous  disease,  is  present,  the  cells  wHl  be  found  particularly 
well  preserved. 

The  number  of  cells  per  cubic  millimetre  in  a  case  of  suppura- 
tive meningitis  may  reach  100,000,  of  which  53  or  more  per  cent, 
will  be  polynuclears.  The  number  diminishes  as  the  case  pro- 
gresses towards  recovery.  In  a  case  of  cerebral  abscess  ||  there 
were  97  per  cent,  of  polynuclear,  2-4  per  cent,  of  lymphocytes, 
0-4  per  cent,  of  degenerate  cells,  and  o-2  per  cent,  of  endothelial 
cells.  (One  would  dispute,  from  one's  own  experience,  whether 
endothelial  ceUs  can  be  identified  in  cerebrospinal  fluid.) 

(d)  Other  Cellular  Elements. — Blood  may  be  present  in  cere- 

*  Raubitschek.  f  Merzbacher,  %  Funke. 

§  Verzeanu,  Devaux,  Donath.  ||  Sawyer. 
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brospinal  fluid,  apart  from  accidental  contamination,  in  cases  of 
intracranial  haemorrhage  where  the  blood  has  made  its  way  into 
the  meningeal  cavities.  In  a  case  of  this  kind,  Sabrazes  and 
Muratet  found  round  or  oval  polyhedral  isolated  cells  or  masses  of 
such  cells,  containing  fragments  of  red  corpuscles,  or  hsmatoidin 
granules.  These  they  regarded  as  "macrophages,"  derived 
from  the  endothelium  of  the  subarachnoid  spaces.  Such  cells 
may  contain  fatty  granules,  fragments  of  myelin,  and  pigment. 

The  presence  of  large  mononuclear  cells  with  basophile  proto- 
plasm, and  eccentric  nucleus,  has  been  described  as  occurring  in 
tubercular  meningitis,  but  they  also  occur  in  tabes  and  cerebro- 
spinal syphilis. 

Tumour  cells  have  been  described  as  occurring  in  cerebrospinal 
fluid  by  SahH. 

Degenerate  cells  in  cerebrospinal  fluid  have  been  explained 
as  due  to  decomposition  having  set  in  ;  but  it  is  satisfactory  to 
learn  that  Pappenheim  has  offered  the  view  that  the  degenerate 
character  is  evidence  of  pathological  processes,  and  that  it  is  the 
result  of  a  toxic  action  exerted  by  the  diseased  cerebrospinal  fluid 
on  the  polynuclear  cells.  This  type  of  cell  occurs  most  frequently 
in  paralytics,  and  the  proof  adduced  is  that  warming  the  fluid  to 
56°  C.  causes  it  to  cease  to  have  any  deleterious  action.* 

The  presence  of  organisms  such  as  spirochastes  or  trypano- 
somes  does  not  come  within  the  scope  of  this  work. 

The  rate  of  flow  of  the  fluid  from  a  lumbar  puncture  has  been 
laid  undue  stress  on  by  some  authors,  but  to  adduce  arguments 
for  believing  so  is  out  of  place  here. 

Ovarian  Cysts. — The  cellular  elements  in  these  cases  are 
almost  pathognomonic,  and  are  so  well  known  as  hardly  to  call 
for  more  than  mere  mention.  Columnar  epithelial  cells,  ciliated 
epithelial  cells,  and  squamous  epithelial  cells  may  be  met  with, 
according  to  the  character  of  the  growth.  Cells  with  fatty  granules 

*  One  may  emphasise  this  idea  of  Pappenheim's  by  calling  attention  to 
the  fact  that  degenerate  appearances  which  are  observed  are  only  too 
readily  ascribed  to  imperfect  technique  :  thus,  a  liver  which  becomes  almost 
fluid  on  removal  from  the  body  is  often  regarded  as  an  example  of  early 
post-mortem  decomposition.  So  with  the  suprarenal  gland.  As  a  matter 
of  fact,  most  livers  and  suprarenals  do  not  break  down  readily,  even  if  the 
necropsy  is  delayed  48  hours.  The  explanation  of  the  undue  friability 
must  therefore  be  sought,  as  there  must  be  a  reason  for  such  changes  apart 
from  "  accident." 
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are  also  characteristic,  especially  in  multilocular  cysts.  Colloid 
masses  may  appear  in  the  fluid  in  cases  of  colloid  carcinomata. 
The  presence  of  cholesterin  crystals  is  a  frequent  feature  in 
ovarian  tumours,  and  has  even  been  met  with  in  a  simple  par- 
ovarian cyst  (in  this  Infirmary),  though  such  cysts  have  usually 
perfectly  clear  watery  contents. 

Special  Findings  in  the  Deposit  of  Puncture-Fluids. 
— Hcematoidin  crystals  occur  in  empyema,  subchronic  abscess, 
pulmonary  abscess,  and  especially  in  old  suppurating  hydatid 
cysts.    They  indicate  antecedent  haemorrhage. 

Food  'particles  may  be  found  in  the  peritoneal  fluid  after 
perforation  in  the  course  of  the  alimentary  canal.  Tumour 
fragments  may  be  met  with.  Myelin  bodies,  composed  of  prota- 
gon,  are  referred  to  by  Sahli  as  being  abundant  in  tumour  of  the 
lung  which  has  invaded  the  pleura.  Fatty  acid  crystals  occur  in 
putrid  collections  of  pus.  Triple  phosphate  crystals,  calcium, 
carbonate,  and  phosphates  may  be  seen  in  purulent  collections. 
Hydatid  hooklets  or  scolices  may  be  found,  and  renal  casts  will 
occur  in  the  corresponding  cysts. 

Spontaneous  coagulation  of  a  fluid  is  an  indication  that  fibrin 
ferment  was  present. 

Scheme  for  Differential  Diagnosis  in  Special  Cases. 
— The  following  scheme  has  been  devised  from  the  data  supphed 
by  Koniger,  as  it  may  be  found  useful : 
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The  Chemistry  of  the  Cell-elements  present.  —  This 
subject  does  not  come  under  cytodiagnosis,  but  reference  is  made 
to  it  in  order  to  draw  attention  to  the  fact  that  upon  the  com- 
position of  the  cells  present  in  an  effusion  the  chemical  characters 
will  to  a  certain  extent  depend.  The  degeneration  of  the  cells 
will  naturally  lead  to  the  substances  of  which  they  were  composed 
appearing  free  in  the  fluid.  The  exact  substances  present  will 
be  found  on  reference  to  the  appropriate  headings  in  the  preceding 
sections,  but  especial  attention  may  be  drawn  to  the  facts  made 
out  by  Miiller  and  Jochmann,  which  go  to  show  that  the  granules 
in  polynuclear  cells,  not  to  mention  the  eosinophile  granules,  are 
probably  of  the  nature  of  zymogen  granules,  and  that  they  are 
intimately  connected  with  the  proteolytic  ferment  which  exists 
in  leucocytes.  In  this  manner  it  will  be  obvious  that  the  granu- 
lar appearance  of  a  polynuclear  cell  must  be  placed  on  a  par  with 
the  appearance  of  gland  cells  (such  as  salivary  gland  cells)  at 
different  stages  in  their  activity. 

EXPLANATION  OF  THE  PLATES 

Plate  i 

Fig.  I.  The  bulk  of  the  cells  in  this  figure  are  lymphocytes, 
many  of  them  having  a  granular  appearance.  In  the  middle  is  a  large 
mononucleate  cell,  also  very  granular,  and  of  endothelial  origin.  Just 
below  it  will  be  seen  a  large  mononuclear  cell  of  angiogenic  origin.  The 
small  cluster  of  lymphocytes  will  be  readily  distinguished  (in  an  actual 
specimen)  from  the  clusters  of  carcinoma  or  sarcoma  cells  depicted  in 
Plate  2,  fig.  2.    Eyepiece  2,  objective  ^  in. 

Fig.  2.  This  shows  the  typical  endothelial  plaques  met  with  in  the 
deposit  in  cases  of  back-pressure.  A  few  lymphocytes  are  shown,  with 
which  the  size  of  the  endothelial  cells  can  be  compared.  A  large  mononu- 
clear cell  (angiogenic),  a  cluster  of  dead  cells  and  a  binucleate  cell  will  also 
be  noticed.    Oil-immersion  lens. 

Fig.  3.  Cells  from  a  case  of  polyorrhomenitis.  These  are  mainly 
degenerate  cells,  some  are  vacuolated,  though  finely  granular  matter  can 
be  seen  in  the  vacuoles.  The  nuclei  in  the  degenerate  cells  are  devoid  of 
chromatin.  A  group  of  pseudo-lymphocytes  is  shown  on  the  right,  as 
well  as  true  lymphocytes.    Eyepiece  2,  objective  ^  inch. 

Fig.  4.  Different  types  of  cells,  (a)  degenerated  endothelial  cell  from  a 
case  of  cirrhosis  of  the  liver  ;  (b)  large  mononuclear  cell,  with  pale  cell-body 
and  pale  nucleus  ;  (c)  cell  with  "  mast  "  granules,  from  a  case  of  tubercular 
peritonitis  ;  {d)  large  degenerated  endothelial  cell — chronic  pleural  effusion  ; 
(e)  enormously  swollen  endothelial  cell  from  the  same  case  ;  (/)  lym- 
phocytes.   All  the  cells  are  drawn  to  scale.    Oil-immersion  lens. 

Fig.  5.  Degenerated  cells  of  different  types  :  a,  b,  c,  and  d  are  endothelial 
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cells  ;  c  shows  nucleus,  with  nucleolus,  granules,  and  degenerating  cyto- 
plasm ;  is  a  structureless  mass ;  e  large  mononuclear  cell.  The  bacilli 
are  Bacillus  lymphagogon  (Hamburger).    Oil-immersion  lens. 

Plate  2 

Fig.  I.  Fragments  of  tissue  from  the  peritoneal  fluid  in  which  there 
was  dissemination  of  carcinoma.  Columnar  cells  are  seen  on  a  basement 
membrane.  There  are  indications  of  structure  within  the  globules  of 
tissue.  The  spherical  appearance  was  well  seen  in  the  fresh  specimen. 
Eyepiece  2,  objective  ^  inch. 

Fig.  2.  Cells  from  a  case  of  sarcomatosis  of  the  peritoneum.  (a) 
Sarcoma  cell  whose  nucleus  has  two  nucleoli,  and  large  granules  are  seen 
in  the  cytoplasm  ;  [b)  typical  clusters  of  cells  with  deeply  staining  nuclei. 
There  were  extremely  large  numbers  of  these  clusters  present  in  each  film, 
(c)  large  mononuclear  cells  ;  (d)  lymphocytes  (the  relative  sizes  of  the  cells 
are  readily  seen  from  these)  ;  (e)  swollen  degenerate  cell ;  (/)  a  few  sarcoma 
cells  in  juxtaposition,  showing  deeply  staining  nuclei,  and  deeply  staining 
cytoplasm.    Eyepiece  2,  objective  ^  inch. 

Fig.  3.  Endothelial  and  carcinoma  cells,  [a)  Red  cells;  (h)  lympho- 
cytes ;  (c)  endothelial  cells  ;  (rf)  swollen  cells  containing  several  nuclei 
and  nucleoli;  (e)  carcinoma  cell  showing  mitotic  figure  ;  (/)  excessively 
swollen  endothelial  cell.    Oil-immersion  lens. 

Fig.  4.  Cells  from  peritoneal  carcinomatosis.  Shows  large  vacuolated 
cells,  some  large  multinucleate  cells,  some  binucleate  cells  and  large  deeply 
staining  mononuclear  cells.    Oil-immersion  lens. 
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SPECIAL  CASES 

The  application  of  the  facts  recorded  in  previous  pages  and  of 
the  various  methods  of  diagnosis  which  have  been  advocated 
is  best  illustrated  by  the  relation  of  certain  special  cases  which 
have  been  examined.  The  various  observations  made  on  the 
specimens  of  fluid  received  for  examination  are  here  recorded, 
and  the  deductions  which  have  been  made  as  to  the  nature 
of  the  fluid  are  introduced.  The  post-mortem  diagnosis 
subsequently  obtained  is  introduced,  and  affords  an  opportunity 
of  commenting  on  the  diagnosis  made  in  those  cases  where 
one's  conclusions  proved  to  be  at  variance  with  the  actual 
truth. 

The  greatest  difficulty  is  undoubtedly  attached  to  the  diag- 
nosis of  the  effusions  in  either  chest  or  abdomen,  especially  in 
medical  cases,  and  it  becomes  more  useful  to  refer  solely  to  these 
two  kinds  of  fluid. 

The  cases  are  grouped  therefore  into  (a)  pleural,  and  (b) 
peritoneal,  but  no  other  order  is  observed.  Only  those  which 
presented  features  of  particular  interest  or  of  difficulty  are  con- 
sidered in  this  section. 

(A)  PLEURAL  FLUIDS 

I.  G.,  aged  40. — The  fluid  was  straw-coloured,  with  blood- 
staining  of  the  deposit.  The  specific  gi-avity  was  1012.  There 
were  no  endothelial  cells  in  the  deposit,  which  contained  a  few 
lymphocytes  and  some  red  cells. 

The  chemical  examination  showed  an  abundance  of  chlorides 
(8  gm.  per  litre),  and  a  very  small  amount  of  albumen  (o'5  per 
cent.).    There  was  no  glycoproteid  present. 
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The  concentration  of  electrolytes  was  0-2460,  of  which 
€•0424  consisted  of  achlorides.  The  ratio  achloride/chloride 
was  0"2i. 

The  post-mortem  examination  showed  cardiac  incompetence 
due  to  valvular  disease  (aortic  and  mitral).  There  was  also 
ascites,  cirrhosis  of  the  liver,  infarcts  in  the  lung,  spleen,  and 
kidney. 

The  findings  in  the  pleural  fluid  point  to  a  passive 
accumulation  of  fluid  (transudation),  partly  because  there  was 
an  increase  in  the  chloride-content,  and  partly  on  account 
of  the  achloride/chloride  ratio.  All  the  facts  made  out  fall  in 
line  with  the  diagnostic  indications  which  were  mentioned  in 
Section  IV. 

II.  Richard  H.,  aged  26. — The  straw-coloured  fluid  had  a 
specific  gravity  of  1032,  and  showed  a  considerable  deposit, 
mainly  of  IjTnphocytes. 

The  chemical  examination  showed  a  maximal  quantity  of 
albumen,  and  a  considerable  quantity  of  chlorides  (7-25  per  cent.). 
The  presence  of  other  substances  was  not  investigated. 

The  electroconductivity  examination  showed  the  amount 
of  total  electrolytes  to  be  0-2319,  and  the  achlorides  were  as 
much  as  -1533  (total  concentration  in  terms  of  Na^CO^).  The 
achloride/chloride  ratio  was  therefore  above  unity,  2-95. 

On  the  strength  of  these  facts,  high  albumen-content,  high 
"salt"  ratio,  and  the  cytological  characters,  the  diagnosis  of 
inflammatory  effusion  of  tuberculous  origin  was  made. 

III.  Alfred  B.,  aged  15.— A  green,  fluorescent  fluid,  having 
a  specific  gravity  of  1021,  contained  2  per  cent,  albumen. 

The  concentration  of  the  chlorides  was  0-043  gram-mol.,  whfle 
the  total  concentration  of  the  electrolytes  amounted  to  0-113. 
The  achloride  electrolytes  therefore  amounted  to  0-070  gram-mol. 
and  the  achloride/chloride  ratio  was  0-16. 

The  osmotic  concentration  was  0-281,  so  that  the  non-electro- 
lytes amounted  to  0-168. 

The  chemical  examination  showed  a  trace  of  urea,  no 
purins,  a  trace  of  glycoproteid,  a  trace  of  invertase,  but  no 
diastase. 

The  a-naphthol  test  was  tardy,  but  the  glucosamine  test  instant 
and  intense. 

The  cellular  elements  consisted  mainly  of  lymphocytes. 
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The  examination  on  three  different  occasions  gave  the  foliow- 
ing  results  : 


Observation. 
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It  will  be  seen  that  only  on  June  7  did  the  "salt "  ratio  fall'  in 
with  the  idea  of  an  inflammatory  effusion.  This  case  was  only  of 
"  idiopathic  "  pleural  effusion,  and  was  presumably  tuberculous. 

Comment. — ^There  is  a  certain  amount  of  difficulty  in  weighing 
up  this  case.  The  chlorides  being  relatively  low  indicates  an 
inflammatory  process,  although  the  total  concentration  of  electro- 
lytes was  also  low,  so  that  the  "  salt  "  ratio  is  not  constant.  On 
the  whole,  the  diagnosis  is  in  favour  of  the  pleural  effusion  being 
of  inflammatory  origin,  and  probably  tuberculous. 

IV.  William  A.,  aged  42. — A  milky  fluid  showing  no  spon- 
taneous coagulum  or  any  deposit  beyond  a  few  granular  cells. 

The  total  proteid  amounted  to  4'65  per  cent.,  and  the  chlorides 
to  3 "6  per  cent.  The  concentration  of  the  achloride  electrolytes 
was  almost  equal  to  that  of  the  chlorides.  There  was  a  moderate 
amount  of  urea.  There  was  no  glycoproteid.  Cholesterin  was 
present.  The  tryptophane  reaction  was  positive.  As  regards 
ferments,  there  was  a  trace  of  diastatic  and  of  inverting  action. 

Comment. — The  microscopic  characters  and  the  "salt"  ratio 
are  in  favour  of  this  fluid  having  a  transudatory  origin,  although 
the  proteid-content  is  rather  high.  The  diagnosis  is  that  this 
fluid  is  a  chronic  effusion  in  which  there  may  at  first  have 
been  inflammatory  processes,  but  that  these  are  now  quiescent. 

V.  Mary  A.,  aged  34. — The  pleural  fluid  was  examined  on 
two  occasions,  but  with  an  interval  of  only  a  week  between  them. 
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The  turbid  greenish  fluid  (later,  blood-stained),  with  a  small 
amount  of  coagulum,  had  a  specific  gravity  of  1020,  and  contained 
6  per  cent,  of  total  proteid  (only  0-58  per  cent,  globulin). 

The  chloride  electrolytes  showed  a  concentration  of  0-035 
on  one  occasion,  the  total  electrolytes  amounting  to  0-2469,  and 
the  achloride  electrolytes  to  0-1830.  The  achloride/chloride 
ratio  was  therefore  2-86. 

The  chemical  examination  showed  the  presence  of  a  trace  of 
invertase,  urea,  no  protalbumose,  no  glycoproteids,  no  mon- 
amino-acids.  The  a-naphthol  test  and  the  glucosamine  test  were 
positive  but  slight.  The  diazoreaction,  on  the  other  hand,  gave 
a  positive  result. 

The  cellular  elements  were  mainly  lymphocytes. 

This  fluid  was  from  a  case  in  which  there  was  carcinomatosis 
of  the  peritoneum,  the  primary  growth  being  in  the  ovary.  The 
pleural  effusion  was  of  inflammatory,  but  not  malignant  origin 
The  high  salt  ratio  and  other  points  will  be  noted. 

The  examination  on  the  two  occasions,  when  compared, 
showed  no  appreciable  difference  ;  not  enough  to  justify  reproduc- 
tion of  the  findings  in  each  case. 

VI.  Alfred  K.,  aged  28. — An  amber-coloured  fluid  with  an 
abundant  coagultun,  had  a  specific  gravity  of  1022,  and  contained 
8  per  cent,  of  total  proteid,  of  which  only  a  small  proportion 
was  globulin. 

The  concentration  of  chloride  electrolytes  was  0-064  gram-mol., 
the  total  electrolytes  amounting  to  0-261,  and  the  achloride  electro- 
lytes to  o-i8o.    The  achloride/chloride  ratio  was  therefore  2-23. 

The  chemical  examination  showed  the  presence  of  invertase, 
urea,  albumose,  but  no  purins  ;  no  serosamucin.  The  a-naphthol 
and  the  glucosamine  reactions  were  immediate  and  marked. 

The  cells  consisted  mainly  of  lymphocytes  and  red  cells. 

The  fluid  was  an  inflammatory  effusion  of  tuberculous  nature. 

VII.  William  L.,  aged  21. — A  clear  yellow  fluid  with  a 
considerable  coagulum.  The  specific  gravity  was  1024  and  i 
per  cent,  of  albumen. 

The  concentration  of  the  chlorides  was  0-031,  while  that  of 
the  total  electrolytes  was  0-2319;  the  achloride  electrolytes 
amounted  to  0-1733  and  the  achloride/chloride  ratio  was  2-95. 

The  osmotic  concentration  was  0-296  gram-mol.  per  litre. 

The  chemical  examination  showed  0-004  per  cent,  purin  N 
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albumoses,  but  no  monamino-acids.  The  a-naphthol  and  the 
glucosamine  reactions  were  immediate  and  intense.  Globulin 
formed  a  large  percentage  of  the  total  proteid. 

The  cellular  elements  consisted  mainly  of  lymphocytes. 

This  was  an  inBammatory  fluid,  occurring  four  weeks  after 
an  attack  of  pneumonia. 

VIII.  Hilda  B.,  aged  6.— A  bright  yellow- coloured  fluid, 
having  specific  gravity  of  T022,  contained  8  per  cent,  albumen. ' 

The  concentration  of  the  chlorides  was  0-042  gram-mol.,  while 
the  total  concentration  of  the  electrolytes  amounted  to  0-122. 
The  achloride  electrolytes  therefore  amounted  to  0-080  gram-mo!, 
and  the  achloride/chloride  ratio  was  i-gi. 

The  chemical  examination  showed  the  presence  of  much 
urea,  but  no  albumoses,  peptones,  monamino-acids,  or  purins. 

The  cellular  elements  consisted  mainly  of  degenerate  pus-cells. 

This  was  a  fluid  from  an  empyema  associated  with  mastoid 
disease. 

(B)  PERITONEAL  FLUIDS 

I.  Florence  W.,  aged  "27.— The  fluid  is  alkaline,  and  has  a 
specific  gravity  of  1012.  It  does  not  coagulate  spontaneously, 
but  on  standing  deposits  some  flaky  lymph,  which  entangles 
a  large  number  of  cells. 

The  cells  are  chiefly  granular  mononuclear  leucocytes,  and 
there  are  relatively  fewer  polynuclear  leucocytes.  Besides  these, 
there  is  a  not  inconsiderable  number  of  large  cells  with  abundant 
cytoplasm  and  relatively  very  small  nucleus.  Some  multi- 
nucleate cells — some  having  three  or  four,  others  several  nuclei- 
were  also  observed. 

The  chemical  examination  has  shown  that  the  fluid  is  com- 
paratively rich  in  chlorides  (0-66  per  cent.),  and  that  there  is  about 
Q-i  per  cent,  of  urea.  The  albumen  is  pi-esent  in  considerable 
but  not  in  excessive  amount  (1-95  per  cent.). 

The  osmotic  pressure  of  this  fluid  is  higher  than  that  normal 
for  blood  (equivalent  to  9  atmospheres  instead  of  7). 

The  urine  secreted  at  the  time  of  tapping  was  examined, 
and  found  to  have  as  special  characters  a  high  specific  gravity 
and  an  increased  quantity  of  urea.  It  was  practically  free  from 
chlorides,  while  the  osmotic  pressure  was  high,  and  caused  largely 
by  non-electrolytes. 
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The  results  of  examination  are  tabulated  below. 
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Peritoneal 
Fluid. 


Urine 
Secreted  at 
time  of 
Tapping. 


Peritoneal 
Kluid 
5  weeks 
later. 


Urine 
Secreted  at 
time  of 
Tapping. 


Specific  gravit}' 
Reaction 

Deposit 

Urea  ... 

Albumen 

Chlorides 

Freezing  -  point  de- 
'-  pression  ... 
Osmotic  Concentration 
Osmotic   pressure  in 

atmospheres 
Conductivity  (22°  C.) 
Cone,  of  electrol3-tes 
Cone,  of  achlorides  ... 
Cone,  of  non-electro 

lytes 
C  elect.  1 
C  non-elect.  ) 
C  achlor. 
C  chlor. 


1 


1012 
alu. 

^ granular  leucocytes, 
I  rarp;e  bi  -  nucleate 
"I  cells,  mononuclear 
I.  cells 

0-  oi  % 

1-  95% 
6-5  %. 

0-591 
•319 

/•I 
1 161 

0-3047 
0085 1 

0014 

2-  i6 

0-41 


1030 

acid 


red  urates 

3-2% 
•o-oS%o 

1-950 
1-052 

23-4 
1772 

0-201 
0-196 

0-851 
0-23 

0-97 


101 1 
alk. 


o 

0-S  %  ■ 

6-  35  %. 

0-6C6 
0-360 

7-  9 
1181 
0-128 
o  020 

0232 

0-55 

0-15 


1017 

acid 


urates 

1-9% 
nil 

lS%o 

i-igo 

0-644 

143 
I  1C5 
o  120 
0095 

0-5 -H 
0-24 

0-79 


Comment.— From  these  figures,  showing  the  changes  that 
have  taken  place  during  five  weeks,  it  will  be  seen  that  while 
the  two  specimens  show  a  similar  composition  as  regards  the 
most  essential  constituents,  the  urine  shows  slight  changes.  The 
amount  of  area  has  diminished,  and  that  of  the  chlorides  has 
increased.  The  concentration  of  electrolytes  has  also  diminished. 
On  this  change  there  can  be  laid  little  stress,  owing  to  the  fact 
that  urine  is  so  variable.  The  constancy  of  the  composition  of 
the  peritoneal  fluids  is,  however,  important,  as  indicative  of  a 
stationary  condition.  The  ratio  of  electrolytes  to  non-electrolytes 
and  that  of  achlorides  to  chlorides,  following  the  rules  formulated 
mdicates  that  this  fluid  is  transudatory  in  nature. 

The  question  as  to  whether  there  was  or  was  not  tuberculous 
peritonitis  was  raised,  and  the  answer  to  that  was  as  follows  • 
Agamst  tubercle  (no  tubercle  bacilli  found)  :  less  than  3  per  cent 
albumen,  low  specific  gi-avity,  absence  of  spontaneous  coagula- 
bility, high  achloride/chloride  ratio.  Alone  in  favour  of  tubercle 
was  the  presence  of  many  mononuclear  cells  in  the  deposit.  The 
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fact  that  this  preponderance  was  very  slight  did  not  influence 
one's  opinion  much  in  favour  of  tubercle. 

Post-mortem  diagnosis  :  thrombosis  of  the  portal  vein. 

II.  Ellen  D.,  aged  50.— A  milky  fluid  of  specific  gravity 
1018-1019-1020.    The  fluid  was  not  spontaneously  coagulable. 

There  is  a  large  amount  of  albumen  present  (3  per  cent.). 
The  chlorides  amount  to  8  gm.  per  litre  (0-137  gram-moL). 

The  osmotic  concentration  is  0-272,  while  the  urine  secreted 
at  this  time  showed  only  a  concentration  of  0-156.  The  urine 
had  a  specific  gravity  of  1005,  contained  no  albumen,  and  only 
3  per  cent,  of  chlorides  ;  the  urea  was  0-25  per  cent. 

The  electrolytes  consisted  almost  entirely  of  chlorides,  the 
total  electrolyte  concentration  being  only  0-139  gram-mol.  per 
htre. 

The  deposit  was  considerable,  and  consisted  of  numerous  very 
large  mononuclear  cells  (some  bi-  or  tri-nucleate) ;  also  red  cells, 
and  some  polymorphonuclear  leucocytes.  Some  of  the  cells 
contained  retractile  non-fatty  granules. 

The  percentage  of  albumen  indicates  that  the  fluid  is  either 
of  a  chronic  exudative  nature  (associated  with  either  hepatic 
cirrhosis  or  with  peritoneal  new  gi'owth).  While  the  percentage 
of  albumen  just  comes  within  the  hmit  for  tuberculous  effusions, 
it  is  so  high  that  this  form  of  peritonitis  may  be  excluded. 


April  25,  1906. 

June  12,  1906. 
Abdominal. 

June  19,  1906. 
Pleural. 

July  19,  1906. 
Abdominal. 

Abdominal. 

Specific  gravity  ... 

1020 

1020 

IG18 

1019 

Albumen... 

3% 

1-7 

02 

2 

Glycoproteid 

present 

Chlorides... 

0-137  gra.-mol. 

0-113 

0097 

0-046 

Freezing-point  de- 

0-679 

pression 

0-502 

Osmotic  Concen- 

tration... 

0-272 

■358 

Cone,  of  Electro- 

lytes 

0-139 

O-II5 

•223 

Conc.of  Achlorides 

0002 

o-oi8 

•'77 

Cone.     of  Non- 

electrolytes 

0-133 

•135 

Achloride/chloride 

2-62 

ratio 

0-0 1 

0-34  . 

Deposit  ... 

?  Sarcoma 

En  ormous  cells 

Endothelial 

Numerous 

(sarcoma  ?) 

cells  and 

cells  and 

and  red  cells 

lymphocytes 

amorphous 

coagulated 
proteid 
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The  fluid  is  an  exudate,  not  a  transudate. 

This  case  was  tapped  several  times,  and  was  found  to  show 
fairly  constant  composition. 

In  the  pleural  fluid  the  achloride  ratio  was  low,  just  as  at  first 
in  the  abdominal  fluid.  However,  the  latter  subsequently  showed 
the  normal  ratio  of  inflammatory  conditions.  We  might  assume 
that  the  pleural  fluid  was  not  of  an  inflammatory  origin,  and  that 
the  peritoneal  had  steadily  become  inflamed  till  eventually  it 
was  actually  invaded  by  the  growth. 

Post-mortem  Diagnosis. — Round-celled  sarcoma  of  ovary  with 
peritoneal  dissemination. 

III.  Joseph  B.,  aged  36. — ^The  clear  straw-coloured  fluid  had 
a  specific  gravity  of  1012,  and  contained  0"8  per  cent,  of  albumen. 
There  was  a  small  amount  of  urea  present,  and  the  chlorides 
amounted  to  0-55  per  cent.  (0-094  gram-equiv.).  The  cells  in  the 
deposit  were  mainly  endothelial. 

Physico-chemical  Examination. — The  osmotic  concentration 
was  0'36o,  and  the  concentration  of  the  electrolytes  0"I35.  The 
achloride  electrol5rtes  amounted  to  0'04i  gram-mol.  per  litre,  so 
that  the  achloride/chloride  ratio  was  0'435. 

The  urine  secreted  at  the  same  time  as  the  fluid  was  tapped 
was  concentrated,  and  contained  a  copious  deposit  of  red  urates. 

The  fluid  was  examined  again  a  month  later,  and  found  to 
still  have  practically  the  same  characters,  and  the  urine  also  had 
very  similar  characters,  as  will  be  seen  from  this  table  of  results. 


May  2, 

1906. 

June  9 

1906. 

Observation. 

Fluid. 

Urine. 

Fluid. 

Urine. 

IOI2 

1036 

I013 

103s 

0-8% 

none 

1-0% 

none 

0-02% 

3'3% 

none 

3-65% 
oit 

5-5%o 

3-5% 

6-85%o 

0-667 

2405 

0658 

2-400 

0-360 

1-326 

o'3SS 

1-316 

0-135 

0-266 

0-131 

0-254 

004 1 

0*207 

0-014 

0243 

0-225 

I -060 

0-224 

1062 

0-435 

3-5 

0-0I2 

4-54 

large  mono- 

urates 

same  as 

110  deposit 

nuclear  cells 

before 

and  lympho- 

cytes and 

e  n  do  thelia] 

cells 

Specific  Gravity  ... 
Albumen  ... 
Urea 

Chlorides  ... 

Freezing-point  Depression 

Osmotic  Concentration  ... 

Concentration  of  Electrolytes 
„  Achlorides 
„  Non-electrolyti 

Achloride/chloride  ratio 

Deposit  ... 
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From  these  facts  one  arrives  at  the  conclusion  that  the 
a,ccumulation  is  transudatory,  and  that  there  is  no  evidence  of 
inflammation  having  occurred  since  the  first  tapping.  The  high 
chloride-content  suggests  that  a  considerable  degree  of  back- 
pressure is  taking  place. 

The  necropsy  showed  a  cirrhosis  of  the  liver  in  an  advanced 
stage  and  no  sign  of  peritoneal  inflammation. 

ly.  Mary  G.,  aged  33.— A  watery  and  colourless  slightly 
milky  fluid  was  received  for  examination  at  different  times. 
Post  mortem,  the  fluid  was  found  to  be  golden-yellow  in 
colour. 

The.  results  of  examination  are  best  tabulated  : 


Observ.ition. 


Aug.  28,  1906.       Sept.  29,  1906. 


November  8,  1906. 


November  9. 
Yellow  Fluid. 


1008 
0-25% 

lOIO 

0 

1009-5 
0-0250% 
0 

1009 
2-5 

o'l  13  gm.-mol. 

0155 

0-132 

o>55 

0-I3S 

0-164 

0-170 

0022 

0  009 

0-038 

0-19 
Sporulating 

bacilli 
Excess  of  glo- 
bulin. No 
glycoproteid 

0017 
Amorphous 

0-I19 

b.  lymphogogon 

Excess  of  Glo- 
bulin 

Specific  Gravity 
Albumen 
Urea  ... 
Chlorides 
Concentration  of 

Electrolytes 
Concentration  of 

Achlorides  ... 
Achloride/chlo- 

ride  ratio  ... 
Deposit 

Ch.emical  notes 


The  evidence  is  in  favour  of  a  transudate,  since  the  chloride- 
content  is  high  and  the  achloride-content  very  low.  The  exact 
nature  of  the  case  is  difficult  to  explain.  The  following  accovmt 
"of  microscopic  examination  of  three  of  the  organs  obtained  at  the 
necropsy  will  sum  up  the  case : 

Liver. — Microscopic  examination  shows  an  extreme  degree 
of  fatty  infiltration  and  degeneration.  In  some  parts  the 
liver  cells  have  almost  disappeared.  The  parts  in  which 
there  is  no  change  are  few  and  far  between.  The  capillaries 
are  dilated. 

Pancreas. — There  is  no  increase  in  the  amount  of  mterstitial 
tissue.  The  islands  are  normal,  and  there  is  no  evidence  of 
chronic  interstitial  pancreatitis. 
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Kidney.— The  only  abnormal  condition  is  to  be  seen  in  the 
convoluted  tubules,  where  the  epithelium  is  extremely  cloudy 
and  the  nuclei  are  in  most  places  lost.  In  other  parts  the 
tubules  are  apparently  quite  healthy.  The  glomeruU  cannot 
honestly  be  said  to  show  any  abnormahty.  There  is  no 
increase  in  the  amount  of  interstitial  tissue,  and  there  is 
no  leucocytic  infiltration.  The  straight  tubules  are  perfectlj^ 
normal.  The  convoluted  tubules  are  filled  with  finely 
granular  detritus,  and  in  some  places  this  matter  is  so 
abundant  as  to  form  what  would  be  hyaline  casts.  In  some 
parts  the  epithelium  of  these  tubules  is  much  swollen,  while 
in  others  it  is  low.  In  the  former  place  the  nuclei  are 
generally  present,  while  in  the  latter  they  are  often  absent. 
Here  and  there  the  capillaries  are  widely  dilated,  but  this  feature 
is  inconspicuous.  In  short,  an  unprejudiced  observer  would 
not  diagnose  any  serious  renal  disease,  and  the  only  conclusion 
to  be  drawn  is  that  the  kidney  has  been  subjected  to  some 
serious  toxic  agent,  which  has  been  excreted  through  the 
epithelium  of  the  convoluted  tubules  and  damaged  it  during 
its  passage. 

V.  Harry  E.,  aged  30,  was  tapped  several  times,  and  yielded 
a  clear  amber- coloured  fluid  of  specific  gravity  loio,  and  contain- 
ing only  1-5  per  cent,  albumen. 

The  chloride  electrolytes  amounted  to  0"o88  gram-equiv.,  and 
the  total  electrolytes  amounted  to  "aiai  gram-mol.  per  htre,  so 
that  the  achloride/chloride  ratio  was  0-26. 

The  acidity,  tested  by  Wright's  method,  was  equivalent  to 


The  chemical  examination  showed  the  presence  of  much 
globulin,  of  serosamucin,  of  invertase,  but  no  albumoses  or 
peptones,  no  monamino-acids  and  no  diastase. 

The  deposit  contained  very  little  blood, — of  white  cells 
mostly  lymphocytes  ;  a  few  endothelial  cells,  none  being 
vacuolated. 

The  report  on  this  case  was  that  there  was  proliferation  of 
the  cells  of  the  serosa,  but  no  evidence  of  new  growth  or  tubercle. 
Most  hkely  it  was  due  to  hepatic  cirrhosis. 

The  post-mortem  showed  the  case  to  be  one  of  monolobular 
cirrhosis  of  the  liver. 
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The  following  table  will  show  at  a  glance  the  condition  of  the 
fluid  on  different  occasions  : 


Observation. 

Jan.  23,  1907. 

Feb.  26,  1907. 

April  lo,  1907. 

Specific  gravity   

lOIO 

lOIO 

lOII 

Albumen  ...   

I  "5% 

17% 

5-5% 

Urea 

trace 

none 

moderate 
amount 

Purins  

0-002I%  N 

Amino  acids  ... 

none 

none 

Albumoses   

none 

+ 

Glycoproteid  ... 

+ 

none 

trace 

Ferments 

trace  invertase, 

No  diastase, 

trace  invertase, 

no  diastase 

trace  invertase 

no  diastase 

a-naphthol  test 

+ 

+ 

Glucosamine  test 

+  + 

+ 

Chlorides  (gram-equiv.) 

0113 

0088 

0-094 

Osmotic  Concentration 

0-300 

Cone,  of  Electrolytes ... 

0-i68 

0212 

Achloride  Electro- 

lytes ... 

0-055 

0-0426 

Achloride/chloride  ratio 

0-47 

0-26 

0-206 

Cone,  of  non-electrolytes 

VI.  Isaac  S.,  aged  23. — A  turbid  straw-coloured  fluid  of 
specific  gravity  1015  and  containing  2  per  cent,  albumen. 

The  chlorides  amounted  to  o'li  gram-mol.  per  htre,  the 
electrolytes  to  o-i2,  so  that  the  achlorides  were  Q-oi.  The 
achloride/chloride  ratio  was  therefore  0"0i. 

There  was  no  globuhn  present.  The  cellular  elements  con- 
sisted of  a  few  mononuclear  leucocytes. 

The  "  salt  "  ratio  is  low  (exception  to  rule),  and  the  low 
percentage  of  albumen  is  in  favour  of  a  tuberculous  effusion. 
The  case  was  one  of  tubercular  peritonitis. 

VII.  William  D.,  aged  67. — A  turbid  straw-coloiured  fluid 
of  specific  gravity  1017,  containing  8  gms.  per  litre  of  albtmien. 

The  chlorides  amounted  to  0-107  gram-mol.  per  htre,  the 
electrolytes  to  o-ii8,  so  that  the  achlorides  were  o-oii,  and  the 
"  salt  "  ratio  1-5. 

Chemical  examination  showed  no  glycoproteid.  The  cellular 
characters  were  of  most  interest,  and  are  shown  in  Plate  I. 

The  findings  indicate  an  effusion  of  inflammatory  origin  (low 
NaCl-content,  high  "salt"  ratio,  high  albumen-content). 

The  case  proved  to  be  one  of  sarcoma  of  the  omentum,  with 
peritoneal  dissemination. 
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VIII.  JOHN  K.,  aged  46.-The  turbid  fluid,  in  which  large 
white  particles  were  floating,  contained  2  per  cent,  of  albumen 
and  0-4  per  cent,  of  chlorides  (o-o68  gram-mol.) . 

The  electrolytes  amounted  to  0-132  gram-mol,  so  that  tne 
concentration  of  the  achloride  electrolytes  was  0-064  gram-mol.  , 
the  "  salt  "  ratio  was  therefore  0-74. 

No  globuUn  or  glycoproteid  was  found,  but  triple  phosphate 

crystals  were  present. 

The  cells  included  numerous  large  mononuclear  ceUs,  with 
abundant  non-granular  cytoplasm  and  also  some  large  multi- 
rii_iciG3.tG  cgUs 

The  salt  ratio  pointed  to  a  transudatory  fluid,  the  low  albumen, 
content  Ukewise  pointed  against  an  inflammatory  effusion,  while 
the  low  chloride-content  was  decidedly  against  a  transudation. 
On  the  other  hand,  the  absence  of  globulin  or  of  glycoproteid 
seemed  to  indicate  a  transudatory  fluid. 

The  necropsy  showed  colloid  carcinoma  of  the  stomach,  with 
extensive  peritoneal  dissemination  ;  on  the  other  hand,  there 
had  been  a  tuberculous  pleural  effusion. 

IX.  George  W.,  aged  52.— A  straw-coloured  fluid,  forming 
a  small  coagulum  after  a  considerable  length  of  time,  had  a  specific 
gravity  1014.    The  albumen  only  reached  0-5  per  cent. 

The  chloride  electrolytes  amounted  to  0-108  gram-mol.  (fairly 
high),  and  the  concentration  of  electrolytes  was  1-121,  so  that 
the  achlorides  amounted  to  0-013  gram-mol.    The  "  salt  "  ratio 

was  therefore  0-83. 

The  osmotic  concentration  was  0-311  gram-mol.,  so  that  the 
non-electrolytes  amounted  to  -070  gram-mol. 

The  chemical  examination  showed  abundant  glycoproteid 
{not  metalbumen). 

The  cellular  characters  were  insignificant— a  few  lymphocytes. 

In  this  case  the  low  albumen-content  and  the  fairly  high 
chloride-content  point  to  a  transudation.  The  salt  ratio  also 
indicates  a  non-inflammatory  collection.  The  presence  of  glyco- 
proteid is  peculiar. 

The  case  proved  to  be  one  of  back-pressure  from  tricuspid 
regurgitation  and  stenosis,  and  the  presence  of  glycoproteid  here 
falls  in  Une  with  several  other  back-pressure  effusions  which 
have  been  examined  and  found  to  contain  a  reducing  body  after 
hydrolysis. 
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X.  William  H..  aged  19.— A  highly  coloured  and  sliglitly 
ghstening  fluid  of  specific  gravity  1018,  and  containing  a  con- 
siderable amount  of  albumen. 

The  fluid  deposited  a  thick  layer  of  finely  granular  pus,  with 
streptococci ;  the  polynuclear  cells  were  necrotic.  No  large  cells 
or  multinuclear  cells  were  seen. 

The  precipitation  limits  for  ammonium  sulphate  were  4-5 
and  9,  the  maximum  being  at  6.  There  was  a  trace  of  hetero- 
albumose,  and  some  protalbumose.  Glycoproteid  was  found, 
and  some  lecithin.  The  a-naphthol  and  the  glucosamin  test  gave 
a  negative  result.    Leucin  and  tyrosin  were  absent. 

Physico-chemical  tests  were  not  apphed. 

This  was  a  case  of  ascites  due  to  back-pressure  in  a  case  of 
adherent  pericardium  and  endocarditis.  Fat  necrosis  was  found 
in  the  abdomen. 

XI.  Walter  S.,  aged  36.— A  foul-smelling,  reddish-brown 
fluid,  containing  much  blood  and  a  small  amount  of  coagulum, 
had  a  specific  gravity  of  1013,  and  contained  775  per  cent.' 
albumen. 

The  chloride  electrolytes  amounted  to  0-043  gram-mol.  per 
Ktre,  andthe  total  electrolytes  to  -2675,  the  achloride  electrolytes 
amounted  to  0-1875  and  the  achloride/chloride  ratio  was  2-34. 

The  osmotic  concentration  was  high,  0-406. 

The  chemical  examination  showed  the  presence  of  much 
urea,  purins,  of  serosamucin,  of  protalbumose,  and  a  trace  of 
phosphates.  The  a-naphthol  reaction  and  the  glucosamine  test 
were  prompt  and  intense.  Diastase  and  not  invertase  was 
found. 

The  cells  consisted  mostly  of  lymphocytes. 

This  was  evidently  a  case  in  which  there  was  some  inflamma- 
tory condition  of  the  peritoneum,  and  the  post-mortem  examina- 
tion showed  a  chronic  adhesive  peritonitis  with  a  coh  infection. 

XII.  Arthur  S.,  aged  42.— The  amber-coloured  fluid  had 
a  specific  gravity  of  1016  and  contained  2-5  per  cent,  albumen. 

The  chloride  electrolytes  showed  a  concentration  of  0-042, 
while  the  total  electrolytes  were  -211 ;  the  concentration  of  the 
achloride  electrolytes  was  therefore  -133,  and  the  achloride/chlo- 
ride ratio  1-68. 

The  osmotic  concentration  was  0-293. 

The  chemical  examination  showed  a  trace  of  urea ;  the 
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a-naphthol  reaction  was  slight,  and  the  glucosamine  test  decided. 
Metalbumen  or  serosamucin  was  not  found.  There  was  a  trace 
of  invertase  and  no  diastase. 

The  cells  were  mostly  endothelial. 

This  was  a  case  of  monolobular  cirrhosis  of  the  liver.  Note 
the  high  salt  ratio. 

XIII.  Emma  N.,  aged  35.— The  turbid  straw-coloured  fluid 
had  a  specific  gravity  of  1013,  and  contained  3  per  cent,  albumen. 

The  chloride  electrolytes  amounted  to  o-iig  per  cent,  gram- 
equiv.  and  the  total  electrolytes  amounted  to  0-149  per  cent., 
so  that  the  achlorides  were  0-030  per  cent,  gram-mol.  per  litre, 
giving  a  "  salt  "  ratio  of  0-25  per  cent. 

Chemical  examination  showed  the  presence  of  much  globuUn^ 
and  of  purins,  and  of  albumose.  No  glycoproteid  was  found.  The 
diazoreaction  gave  a  positive  result,  as  also  the  tryptophane 
test.  There  were  large  vacuolated  endothelial  cells  and  lympho- 
cytes in  the  deposit. 

This  was  a  case  of  polyorrhomenitis,  but  the  high  chloride^ 
content  and  the  low  "  salt  "  ratio  points  to  a  transudation.  Inas- 
much as  there  was  no  direct  evidence  of  inflammation  in  the 
serous  membranes,  one  may  conclude  that  this  name  "-itis  "  is 
not  strictly  accurate. 

XIV.  Alice  D.,  aged  44. — The  deeply  blood-stained  and 
spontaneously  coagulable  fluid  had  a  specific  gravity  of  1021 
and  contained  a  considerable  amount  of  albumen  (3  per  cent.). 

The  chloride  electrolytes  amounted  to  0-104  gram-mnl.  per 
htre,  and  the  total  electrolytes  amounted  to  o-iig,  so  that  the 
achlorides  were  0-015  and  the  "  salt  "  ratio  0-14. 

The  fluid  contained  0-98  per  cent,  globulin  ;  invertase  ;  prot- 
albumose,  urea,  but  no  glycoproteid. 

The  deposit  consisted  mainly  of  lymphocytes.  There  were 
mast  cells,  but  no  endothelial  or  carcinoma  ceUs. 

This  was  a  case  of  tuberculous  peritonitis. 

XV.  John  T.  I.,  aged  44. — The  deeply  yeUow-coloured  fluid 
had  a  specific  gravity  of  1016,  and  the  scanty  deposit  was  made 
■up  mainly  of  polygonal  cells  like  endothelial  cells. 

The  chemical  examination  showed  2-26  per  cent,  of  albumen, 
0-17  per  cent,  globulin,  and  4-65  gm.  per  litre  of  chlorides.  There 
was  a  large  amount  of  urea.  Amino  acids  were  not  found.  Albu- 
moses  were  not  found,  but  a  trace  of  mucin  was  noted. 


250 


STUDIES  IN  PUNCTURE-FLUIDS 


This  was  from  a  case  of  effusions  into  all  the  serous  cavities 
associated  with  dilated  heart  and  previous  pneumonia.  The 
effusion  was  of  transudatory  nature,  as  shown  by  the  specific 
gravity,  the  albumen-content,  and  the  considerable  amount  of 
chlorides.    The  other  tests  were  not  applied  in  this  case. 

XVI.  Anthony  S.,  aged  28.— A  straw-coloured  fluid,  having 
a  specific  gravity  of  1020,  and  containing  475  per  cent,  albumen. 

The  concentration  of  the  chlorides  was  0*037  gram-mol. 
The  osmotic  concentration  was  0'3I7. 

The  chemical  examination  showed  the  presence  of  urea,  but 
no  albumose,  or  glycoproteid,  or  ferments. 

The  a-naphthol  test  and  the  glucosamine  test  were  positive, 
but  slight. 

The  cellular  elements  consisted  of  large  mononuclear  cells 
and  vacuolated  cells. 

The  characters  fit  well  in  with  the  typical  signs  of  an 
accumulation  of  fluid  due  to  back-pressure ;  the  case  was 
one  of  incompensated  valvular  disease  of  the  heart. 

XVII.  Florence  W.,  aged  23.— A  straw-coloured,  blood- 
stained fluid,  yielding  a  bulky  coagulum,  had  a  specific  gravity 
of  1022  and  contained  675  per  cent,  albumen. 

The  concentration  of  the  chlorides  was  0-059  gram-mol.,  while 
the  total  concentration  of  the  electrolytes  amounted  to  0-128. 
The  achloride  electrolytes  therefore  amounted  to  -069  gram-mol., 
and  the  achloride/chloride  ratio  was  1-17. 

The  chemical  examination  showed  the  presence  of  stellar 
phosphates  and  oxalates  ;  no  monamino-acids  ;  no  ferments. 

The  a-naphthol  test  and  the  glucosamine  test  were  positive, 
but  slight. 

The  cellular  elements  consisted  mainly  of  lymphocytes  and 
red  cells. 

The  characters  are  in  accordance  with  the  diagnosis  of  tuber- 
culous peritonitis — low  chloride-content,  high  "  salt  "  ratio, 
absence  of  ferments. 

XVIII.  Lucy  H.,  aged  23. — A  turbid  yellowish  fluid  of  specific 
gravity  1020  and  containing  2^  per  cent,  albumen.  The  chlorides 
were  very  scanty,  amounting  only  to  0-05  per  cent. 

Metalbumen  was  found  on  examining  the  precipitate  after 
treating  the  fluid  with  thrice  its  bulk  of  absolute  alcohol. 
The  concentration  of  electrolytes  was  0-113  gram-mol. 
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litre,  the  achlorides  being  o'lia  gram-mol.,  so  tliat  the  electrolytes 
were   almost   solely   achlorides.     (Achloride/chloride  ratio= 

II2-0.) 

Examination  of  the  deposit  showed  a  very  large  amount  of 
cholesterin  crystals,  and  also  a  very  considerable  quantity  of 
fatty  acid  crystals.  There  were  some  granular  epithelial  cells, 
but  the  bulk  of  the  deposit  was  unorganised. 

Report— The  fluid  is  most  probably  not  ascitic,  but  derived 
from  an  ovarian  cyst — to  judge  by  the  chemical  characters. 

Operation. — Multilocular  ovarian  cyst. 

Comment. — The  facts  in  favour  of  the  fluid  being  ovarian 
are  :  considerable  albumen-content,  very  low  chloride-content, 
presence  of  metalbumen,  the  achloride/chloride  ratio,  as  well 
as  the  cholesterin  and  fatty  acid  crystals. 
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-1767 

-841 

•1785 

-840 

•1803 

-840 

*l821 

■839 

-1838 

-838 

■1856 

-838 

•1874 

•837 

-1892 

•837 

-1910 

■837 

•1918 

■837 

-1928 

■837 

-1947 

-836 

-1964 

-836 

•1965 

-836 

•1982 

•835 

-2000 

•834 

•2017 

•834 

•2035 

■834 

•2054 

■833 

■2055 

-832 

-2088 

-832 

-2106 

■832 

-2113 

•831 

-2123 

-831 

•2142 

-831 

-2160 

•831 

-2178 

-830 

•2200 

-830 

•2214 

-830 

-2232 

-830 

-2250 

-829 

-2267 

-829 

•2267 

-829 

-2286 

-828 

•2303 

-827 

-2320 

-826 

•2337 

-826 

•2338 

-826 

•2383 

•825 

-2390 

•825 

-2418 

-825 

•2436 

-824 

•2410 

7*8 

7-8s 

0-135 

7-Q 

/  y 

0-136 

8-00 

0-137 

S-os 

0-137 

0-138 

•15 

0-139 

•2 

0-140 

*2'5 

0-141 

0*142 

■35 

0*143 

•A 

0*143 

■45 

0*144 

D 

0*I45 

'55 

0*146 

•6 

0*147 

0*14.8 

•n 
/ 

0*  TAQ 

*7'; 

0*1  •KO 

*8 

0*1  =11 

0-1  SI 

•Q 

0*1  "^2 

"J 

0*1  "5^ 

9*00 

0*1  '54 

6-1  "55 

*I 

o-i  S"? 

'IS 

0-156 

'2 

0-157 

•25 

0-158 

■J 

0-159 

*35 

0-160 

-4 

0-161 

■45 

0-162 

•5 

0-162 

JO 

0*163 

•6 

0*164 

•65 

0*165 

7 

0*166 

75 

0-167 

•8 

0-167 

•85 

0-168 

•9 

0-169 

•95 

0-170 

10*00 

0-171 

10-05 

0-171 

-1 

0-172 

•15 

0-173 

•2 

0-174 

•25 

0-175 

•3 

0-176 

•35 

0-177 

-824 

•2444 

*824 

*2462 

*824 

*2462 

•823 

•2479 

•823 

•2470 

•823 

-2497 

*822 

■2514 

*822 

•2532 

*822 

■2550 

*822 

•2575 

*821 

■2585 

*821 

-2604 

*821 

-2604 

•821 

•2622 

•820 

•2640 

•820 

•2657 

*820 

•2675 

*8i9 

•2692 

-819 

•2710 

-819 

•2728. 

-819 

•2746 

-819 

*2746 

-810 

•2764 

-818 

•2781 

-818 

•2799 

-818 

*28l7 

-817 

•2815 

-817 

•2834 

•816 

-2847 

*8i6 

-2869. 

*8i6 

*2S87 

•815 

■2904 

•815 

•2920 

•815 

*2940 

•815 

*2940 

*8i4 

•2956 

•814 

■2974- 

•813 

-2991 

•813 

-3009. 

*8l2 

-3027 

•812 

•3026 

-812 

•3044 

-812 

-3062 

-811 

•3078- 

-811 

•3096 

-811 

•3096 

-810 

•3113 

-810 

•3131 

-809 

•3147 

*8o9 

•3165 

*8o9 

•3183 

-808 

*320O 
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TABLE  II — continued 


Gm.-mol. 


io'4 
•45 
■5 
■5.5 
•6 

•65 
7 
75 
•8 

-•85- 

•  -g 

•  -95 
iri'oo 

■05 
■10 

'15 
•2 


0-178 
o"i78 
0-179 
o-i8o 
o-i8i 
0-182 
0-183 
0-184 
0-185 
0-186 
0-186 
0-187 
0-188 
0-I88 
0-189 
o-igo 
0-191 


M0IS.+ 
ions. 


•808 
•808 
•807 
-807 
-807 
-806 
-806 
•806 
■805 
■805 
•805 
■805 
-804 
•804 
-804 
-804 
-803 


Gm.  7„ 


Gm.-mol. 


-3218 
•3218 

11-25 
•3 

0-192 
0-193 

-80^ 
•802 

■3234 

■35 

0-194 

•802 

•3256 

■4 

0-195 

-801 

-3270 

■45 

0-195 

-801 

-3286 

■5 

0-197 

-801 

■3304 

■55 

0-198 

•800 

•3323 

•6 

0-199 

-800 

•3339 

•65 

0-199 

-800 

■3357 

7 

0-200 

799 

•3361 

75 

o-2or 

799 

■3375 

-8 
•85 

0-202 

•798 

■3391 

0-203 

798 

-3400 

•9 

0-203 

-798 

■3409 

■95 

0-204 

797 

■3427 

12-00 

0-205 

797 

•3443 

Mo!s.-l- 
ions. 


'34^51 
■3477 
■3495 
■3511 
■3521 
■3547 
•3564 
•3582 
•3590 
•3598 

•3615 
-3624 

■3649 
■3654 
•3665 

•3683 


:  TABLE  III 

Specific  Conductivity  of  decinormal  and  quinquanormal  solutions  of 

Potassium  Cliloride. 


■  At  16°  it  is  0-01072  for  —  KCl  and  0-002294* 

10  ^ 


17  1095 
18°     „  1119 

19°  „  1143 

„  20°  1 167 

21°  ,,  1191 

„  22°  ,,  1215 

"   23°  „  1239 

24°  ,,  1264 

„  25°  „  1288 

26°  ,,  1313 

"  27°  „  1337 

Temperature  co-efficients  : 

NaCI  I 

o'5 
o-i 
o-oi 
0-001 

Correct  „    .  -oi 

between    -!     ,,  -001 
2  and  34°C.       „  -0001 
-00005 

Given  the  conductivity  at  i8°C., 

Kt  =  K18  [I  -I-  c  (t  -  18)  +  c'  (t 
*  i.e.  229-4  X  10  ■  5- 


N 

for  —  KCl. 

50 


-002345 
-002397 
•002449 
-002501 
•002553 
-002606 
•002659 
•002712 
•002765 
■002819 
-002873 


gm.  equiv.  per  litre  =  -0238^ 
=  -0241 

=  -0246  ICorrect  between 
=  -0254!    26  and  40°  C. 
=  "0253; 

=  -02238  (c)  +  -0000795'C. 


=  -02255 
-  -02269 
=  -02284 
=  -02273 


18)-]. 


+ 
+ 


848  „ 
850, 

740  . 
901  , 
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TABLE  IV 
Rate  of  Migration  of  Ions. 


Na 

CI 

•0005  gm. 

equiv.  per  litre 

43 '3 

64-8 

•001 

42-9 

64-4 

69 

•002 

>>         tt           •  • 

42-4 

63'9 

66 

•005 

*#         tt           •  • 

41-4 

63-0 

60 

•01 

40-5 

62-0 

55 

•02 

i»               n                   •  • 

39'2 

6o"7 

50 

•03 

38-3 

59-9 

47 

•05 

/*               tr                   •  • 

37"0 

58-6 

43 

O'lO 

t»               t»                   ■  • 

35\=5 

56-5 

38 

TABLE  V 


Obach's  Table 


0000 
•0010 
■0020 
•0030 
•0040 
•0050 
•0060 
•0070 
■0081 
•0091 


100      200      300  400 


•iiii 
•1123 
•1136 
•1148 
•1161 

•1173 
•1186 
1198 
•1211 
•1223 


•2500 
•2516 
•2531 
•2547 
•2563 
•2579 
•2594 
•2610 
•2626 
■2642 


•4286 
•4306 
•4327 
•4347 
■4368 
•4388 
•4409 
■4430 
•4451 
•4472 


•6667 
•6694 
■6722 
•6750 
•6779 
•6807 

■6835 
•6863 
•6892 
•6921 


500 

I'OOOO 

1-0040 
I -0080 

I-0I2I 

i'oi6i 

I '0202 
1-0243 

I-0284 
1-0325 
1-0367 


600      700      800  90 


1-500 
I -506 

1-513 
1-519 
1-525 
1-532 
1-538 
1-545 
I -55 1 
1-558 


2-333 
2-344 
2-356 

2-367 
2-378 
2-390 
2-401 
2-413 

2-425 
2-436 


4-000 
4-025 

4-051 
4-076 
4-102 
4-128 

4-155 
4-181 
4-208 
4-236 


900 
9-10 
9-20 

9-31 
9-42 

9-53 
9-64 

9-75 
9-87 

9-99 


10  -oioi 

11  -oiii 

12  -0I2I 

13  -0132 

14  -0142 

15  -0152 

16  -0163 

17  -0173 

18  -0183 

19  -0194 


22 
23 


-1236 
-1249 
•I261 
•1274 
-T287 
•1299 
•I3I2 
-1325 
•1337 
-I35I 


•2658 
-2674 
-2690 
•2706 
•2723 
■2739 
-2755 
-2771 
-2788 
•2804 


-4493 
-4514 
-4535 
-4556 
-4577 
-4599 
•4620 
■4641 
•4663 
•4684 


■6949 
•6978 
•7007 
•7036 
•7065 
-7094 
-7123 

-7153 
-7182 
-7212 


I  -0408 
1-0450 
1-0492 

1-0534 
1-0576 
1-0619 
I -0661 
I  -0704 
1-0747 
1-0790 


564 
571 

577 
584 
591 

597 
604 

i-6ii 

i-6i8 

1-625 


2-448 
2-460 

2-472 
2-484 

2-497 
2-509 
2-521 

2-534 
2-546 
2-559 


4-263 
4-291 
4-319 
4-348 
4-376 
4-405 
4-435 
4-464 
4-495 
4-525 


20  -0204 

21  -0215 
0225 
0235 

24  -0246 

25  -0256 

26  -0267 

27  -0277 

28  -0288 

29  -0299 


•1364 

•1377 
•1390 
•1403 
-1416 
-1429 
-1442 

-1455 
•1468 
-1481 


•2820 
•2837 

-2853 
•2870 
•2887 
•2903 
-2920 
-2937 
-2953 
-2970 


-4706 
-4728 
-4749 
-4771 
-4793 
•4815 
-4837 
-4859 
-4871 
-4903 


•7241 
-7271 
-7301 
-7331 
-7361 
-7391 
-7422 

■7452 
-7483 
-7513 


1-0833 
1-0877 
1-0921 
I  -0964 
i-iooS 
1-1053 
1-1097 
i-i  142 
1-1186 
1-1231 


1-632 
1-639 
1-646 

1-653 
I -660 
1-667 
1-674 
I -68 1 
1-688 
1-695 


2-571 
2-584 
2-597 
2-6io 
2-623 
2-636 
2-650 
2-663 
2-676 
2-690 


4-556 
4-587 

4-618 
4-650 
4-682 
4-714 

4*747 
4-780 

4-814 
4-848 


lo-ii 
10-24 
10-36 
10-49 
10-63 
10-76 

10-  90 
1 1  05 

11-  20 
11-35 


11-50 
11-66 
11-82 

11-  99 

12-  16 

12-33 
12-51 
12-70 

12-  89 

13-  08 


17 


2S8 
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TABLE  V — continued 

Obach's  Table — continued 

300  400        SOO       600  700  800  900 

■4925  7544    1-1277  1703  2704  4-882  13-29 

-4948  -7575    1-1322  1-710  2-717  4-917  13-49 

-4270  -7606    1-1368  1-717  2-731  4-952  13-71 

•4993  7637    i'i4i3  1725  2-745  4-988  13-93 

-5015  -7668    1-1459  1-732  2-759  5-024  14-15 

-5038  -7699    11505  1-740  2-774  5-061  14-38 

•5060  -7731    1-1525  1-747  2-788  5-098  14-63 

■5083  -7762    1-1598  1-755  2-802  5-135  14-87 

-5106  -7794    1-1645  1762  2-817  5'i73  15-13 

-5129  -7825    1-1692  1-770  2-831  5-211  15-39 


40 

•0417 

•1628 

•3158 

•5152 

7857 

I-I739 

1778 

2-846 

5-250 

15-67 

41 

•0428 

•164 1 

•3175 

^5175 

•7889 

1-1786 

1-786 

2-86i 

5-289 

1595 

42 

-0438 

•1655 

•3193 

•5198 

-7921 

1-1834 

1-703 

2-876 

5-329 

16-24 

43 

-0449 

-1669 

•3210 

■5221 

7953 

1-1882 

1-801 

2-891 

5-369 

16-54 

44 

•0460 

-1682 

•3228 

■5244 

•7986 

1-1930 

1-809 

2-906 

5-410 

16-86 

45 

•0471 

•1696 

•3245 

•5267 

•8018 

1-1978 

1-817 

2-922 

5-452 

17-18 

46 

•0482 

-1710 

-3263 

-5291 

-8051 

1-2026 

1-825 

2-937 

5-494 

17-52 

47 

■0493 

-1723 

•3280 

•5314 

-8083 

1-2075 

1-833 

2-953 

5-536 

17-87 

48 

-0504 

•1737 

•3298 

•5337 

■8116 

1-2124 

1-841 

2-968 

5-579 

18-23 

49 

•0515 

•1751 

•3316 

•5361 

•8149 

1-2173 

1-849 

2-984 

5-623 

i8-6i 

a 

0 

100 

200 

■on 

u  joy 

31 

•0320 

•1507 

-3004 

32 

•0331 

•1521 

•3021 

33 

•0341 

•1534 

•3038 

34 

•0352 

•1547 

•3055 

35 

•0363 

•1561 

•3072 

36 

•0378 

•1574 

-3089 

37 

-0384 

•1587 

-3106 

38 

•0395 

-1601 

•3123 

39 

-0406 

-1614 

•314I 

50 

•0526 

-1765 

•3333 

•5385 

-8182 

1-2222 

1-857 

3-000 

5-657 

19-00 

51 

•0537 

-1779 

•3351 

•5408 

-8215 

1-2272 

1-865 

3-016 

5711 

19-41 

52 

•0549 

•1792 

•3369 

•5432 

•8248 

1-2321 

1-875 

3-022 

5-757 

19-83 

53 

-0560 

-1806 

•3387 

•5456 

•8282 

1-2371 

1-882 

3-049 

5-803 

20-28 

54 

-0571 

-1820 

•3405 

-5480 

•8315 

1-2422 

1-890 

3-065 

5-849 

20-74 

55 

-0582 

•1834 

•3323 

-5504 

-8349 

1-2472 

1-899 

3-082 

5-897 

21-22 

56 

-0593 

-1848 

•3441 

•5528 

•8382 

1-2523 

1-907 

3-098 

5-944 

21-73 

57 

•0604 

-1862 

•3459 

■5552 

-8416 

1-2573 

1-915 

3-115 

5-993 

22-26 

58 

-0616 

•1876 

•3477 

•5576 

•8450 

1-2624 

1-924 

3-132 

6-042 

22-81 

59 

•0627 

-1891 

•3495 

•5601 

•8484 

1-2676 

1-933 

3-149 

6-092 

23-39 

60 

•0638 

-1905 

•3514 

•5625 

•8519 

1-2525 

I -941 

3-167 

6-143 

24-00 

61 

•0650 

-1919 

•3532 

-5649 

•8553 

1-2779 

1-950 

3-184 

6-194 

24-64 

62 

•0661 

•1933 

•3550 

•5674 

-8587 

1-2831 

1-959 

3-202 

6-246 

25-32 

63 

•0672 

-1947 

•3569 

-5699 

-8622 

1-2883 

1-966 

3-219 

6-299 

26-03 

64 

•0684 

-1962 

•3587 

•5723 

-8657 

1-2936 

1-976 

3-237 

6-353 

26-78 

65 

•0695 

•1976 

-3605 

•5748 

-8692 

1-2989 

1-985 

3-255 

6-407 

27-57 

66 

•0707 

•1990 

-3624 

-5773 

-8727 

1-3041 

1-994 

3-274 

6-463 

28-41 

67 

•0718 

-2005 

■3643 

-5798 

-8762 

1-3095 

2-003 

3-292 

6-519 

29-30 

68 

•0730 

-2019 

•3661 

-5823 

-8797 

1-3148 

2-012 

3-310 

6-576 

30-25 

69 

•0741 

•2034 

-3680 

-5848 

-8832 

1-3202 

2-02I 

3-329 

6-634 

31-26 

70  -0753  -2048  -3699  -5873  -8868  1-3256  2-530  3-348  6-692  32-33 

71  -0764  -2063  -3717  -5898  -8904  1-3310  2-040  3-637  6-752  33-48 

72  -0776  -2077  -3736  -5924  -8939  1-3364  2-049  3-386  6-813  34-71 

73  -0787  -2092  -3755  -5949  -8975  1-3419  2-058  3-405  6-874  36-04 

74  -0799  -2107  -3774  -5974  -9011  1-3474  2-067  3-425  6-937  37-46 

75  -0811  -2121  -3793  -6000  -9048  1-3529  2-077  3-444  7-000  39-00 

76  -0823  •2136  -3812  -6026  -9084  1-3585  2-o86  3-464  7-065  40-67 

77  -0834  -2151  -3831  -6051  -9120  1-3641  2-096  3-484  7-130  42-48 

78  -0846  '2165  -3850  -6077  -9157  1-3697  2-106  3-505  7-197  44-45 

79  -0858  '2180  -3870  -6103  -9194  1-3753  2-115  3-525  7-264  46-62 
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TABLE  V— continued 


Obach's    Table — continued 

600 


a 

0 

100 

200 

300 

400 

80 

•0870 

•2195 

•3889 

•6129 

•9231 

81 

•08S1 

•2210 

•3908 

•6155 

•9268 

82 

•0893 

•2225 

•3928 

■6181 

•9305 

83 

•0905 

•2240 

•3947 

•6207 

•9342 

84 

•0917 

•2255 

•3966 

•6234 

•9380 

85 

•0929 

•2270 

•3986 

•6260 

•9417 

86 

•0941 

•2285 

•4006 

•6287 

•9455 

87 

•0953 

■2300 

•4025 

•6313 

•9493 

88 

•0965 

•2315 

•4045 

•6340 

•9531 

89 

•0977 

•2330 

•4065 

•6367 

•95f^9 

90 

•0989 

•2346 

•4085 

•6393 

•9608 

91 

•lOOI 

•2361 

■4104 

•6420 

•9646 

92 

•1013 

•2376 

•4124 

•6447 

•9685 

93 

•1025 

•2392 

•4144 

•6474 

•9724 

94 

•1038 

•2407 

•4164 

•6502 

•9763 

95 

•1050 

•2422 

•4184 

•6529 

•9802 

96 

•1062 

•2438 

•4205 

•6556 

•9841 

97 

•1074 

•2453 

•4225 

•6584 

•9881 

98 

•1086 

•2469 

•4245 

•66 1 1 

•9920, 

99 

•1099 

•2484 

•4265 

•6639 

•9966 

loo 

•iiii 

•2500 

•4286 

•6667 

I  "0000 

[E.g.  to 

find 

432 

 ,  look  down 

500 

■3810 
•3866 

■3923 
■3981 
1-4038 
I -4096 

1-4155 
1-4213 
1-4272 
1-4331 


700      800  900 


2-125 
2-135 
2-145 
2-155 
2-165 
2-175 
2-185 

2-195 
2-205 
2-215 


3-545 
3-566 

3-587 
3-608 
3-630 
3-651 
3-673 
3-695 
3-717 
3-739 


7-333 
7-403 
7-475 
7-547 
7-621 
7-696 
7-772 
7-850 

7-  929 
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,  look  down  the  400  column  till  32  of  column 


"  1000  —  432 

"  a  "  is  reached,  the  number  -7606  is  the  one  required.] 
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Degenerate  cells,  224,  225,  231,  232 
Degree  of  dissociation,  98,  99,  100, 

108,  190 
5-methyl  furfurol,  186 
Deniges'  test,  35,  186 
Dermoid  cysts,  188,  189,  194 
Determination    of  electroconduc- 

tivity.  III 
 molecular  weight,  92 
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Deuteroalbumose,  20,  69,  84 
Deycke  and  Ibrahim's  method  of 

estimating  albumen,  14 
Diacetone  alcohol,  127 
Diamidophosphatids,  45 
Diaminoacids.  13,  33 
Diaminoacid  nitrogen,  29 
Diastase,  70,  165,  186 
Diazoacetic  ether  method,  127 
Diazobenzenesulphonic  acid,  31,  35 
Diazo  reaction,  55 
Dielectricity  constant,  108 
Differential  counting  of  cells,  221 

—  diagnosis  of  exudates  from  trans- 

udates, 196  sqq. 

—  tensimeter,  120 

 test    between    tubercular  and 

other  pus,  89 
Difficulties  in  interpreting  results,  6 

 removing  albumen,  1 1 

Dilatometer  method,  127 
Dissociation,  93,  95,  98,  123 
Drjewezki's  method,  82,  83 
Dulcite,  78,  80 
Dysglobulin,  24 

E 

Edestin,  72,  161 

Effect  of  amount  of  albumen  on 
specific  gravity,  197 

 repeated  tapping,  156 

 temperature  on  conductivity, 

105 

 osmotic  pressure,  92 

 viscosity  on  velocity  of  enzy- 
matic reactions,  140 
Eggwhite,  electrical  charges,  175 
Ehrlich's  glucosamine  test,  36,  57, 
190 

Electrical  charge  of  colloids,  160, 
161,  175 

Electro-conductivity,  7,  15,  85,  in, 

165,  175 
Electrodes,  treatment  of,  113 
Electrolytes,  97.  145,  147,  172,  179, 

183 

Endocellular  fluid,  133 
Endoenzymes,  85 
Endothelial  cells,  225 


Enterokinase,  88 

Enzymatic  reactions,  heat  pro- 
duction, 68 

Eosinophile  cells,  227 

 granules,  nature  of,  234 

Eppenstein's  method  of  detection 
of  antiferments,  89 

Equivalent  conductivity,  115 

Erlandsen's  method,  50 

Erepsin,  70 

Errors  in  methods  of  study,  5,  50, 
118,  204,  224,  225,  229 

Estimation  of  albumen,  14,  201 

 autolysis,  81 

 working  power  of  kidney,  7 

Ethyl  butyrate,  71,  79.  80 

Euglobulin,  24,  37 

Euserumalbumen,  23 

Explanation  of  reaction  of  body- 
fluids,  134 

 difference  in  chemical  com- 
position of  body  fluids,  216 

F 

False  pancreatic  cysts,  184 
Fatty  acid  crystals,  233 
Ferments,  4,  51,  64,  81,  155,  164, 
165,  171,  185,  206 

—  action  of,  64 

— ■  classification  of,  70 

—  experiments  with,  78-80 

—  heat-production  by,  68 

—  in  fluids,  80 

—  in  leucocytes,  79 

—  methods  of  detecting  and  esti- 
mating, 70 

—  relation  to  inorganic  ferments, 
66 

—  specificity  of,  68 
Fibroblasts,  224 
Filtration-nitrogen,  144 
Fish-albumen,  6 
Florence  reaction,  194 
Foa's  results,  133 

Formalin,   action  on  ferments  of 

leucocytes,  81 
Formic  acid,  38 

Formula  for  calculating  Ch,  132 
 mols  +  ions,  103-4 
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Formula  for  correcting  for  albumen, 

I  GO 

 temperature,  107 

 interpolating,  102 

Freezing-point  depression,  95,  109, 

162,  185 
Friction  between  ions,  100,  109 
Fructose,  150,  206,  208 
Furoxylidin  test,  33 

G 

Galactose  in  cerebro-spinal  fluid,  170 
Gas  electrode,  128  (footnote) 
Gases,  60,  143,  152 
Gelatin  for  detecting  ferments,  81 
Globulin,  24,  25,  88,  143,  147,  149, 

159,  161,  162,  163,  164,  165,  168, 

201 

Glucosamin,  5,  35,  39,  58 
Glucose  in  fluids,  145,  170 
Glutaminic  acids,  5,  38,  84 
Glycerophosphoric  acid,  48,  49 
Glycocoll,  5,  28,  34,  38,  84 
Glycogen    under  ultramicroscope, 
160 

Glycogen-reaction    in  carcinoma 

cells,  228 
Glyco-proteids,  35,  178 
Glycuronic  acid,  37 
Glyoxylic  acid,  38,  58 
Goblet-cells,  174 
Graphic  methods,  102 
—  representation  of  acidity,  124 
Guanase,  75 
Guanidin,  38 
Gynesin,  47 

H 

Haematoidin  crystals,  233 
Haematometra,  184 
Haemin  crystals,  186 
Haemolysis,  42,  51,  155 
Haemorrhagic  cysts  of  cerebellum, 
194 

Hamburger's  b  1  o  o  d-c  orpuscle 

method,  8,  116,  117 
Hausmann's  method,  28 
Heinz'  researches,  221 


Hesse-Salkowski's  test,  186 
Hetero-albumose,  5,  6,  20 
Heterolytic  ferment  action,  8r 
Histidin,  5,  35,  55,  84 
Histone,  38 
Humin  substances,  38 
Hydatid  cyst,  23,  57,  59,  141,  189, 
210 

Hydraemia,  200 
Hydrocele  fluid,  163,  229 
Hydrogen  electrode,  128 
Hydrolytic  ferments,  70 
Hydronephrosis,  191 
Hydrothorax,  149 
Hydroxyl  ions  in  blood,  135 

I 

Imbibition,  176 
Immune  serum  reaction,  208 
Importance  of  early  examination  of 
fluids,  II 

 NaCl  to  body,  87  (footnote) 

Indicators,  122,  126 
Inhibition  of  conductivity  by  al- 
bumen, 99 

 dissociation,  96,  107 

Inhibitory  effect  of  friction,  100 
Inorganic  colloids  on  autolysis,  85 
—  constituents  of  puncture-fluids, 
60 

Inosite  in  hydrocele  fluid,  164 
Intercellular   substances,  permea- 
bility of,  216 
Interpolation  by  graphic  method. 
102 

Invertase,  71 
Inversion  method,  126 
Iodides  in  exudates,  208 
Ionic  concentration,  97 
Ionic  theory,  7,  94,  122 
Iridium  electrodes,  130 
Isobutylhydantoic  acid,  28 

J 

Jagri's  method,  221 
Jecorin,  45,  51 
Jenner's  stain,  219 
Joint  fluids,  cells  in,  229 
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K 

Keratin,  5 

Kjeldahlising,  29.  31,  33.  75-  81,  82, 
151,  204 

Kohler's  apparatus,  11 1  (footnote) 
L 

Lacteal  cysts,  193 

Lactic  acid,  85,  170 

Lactose.  78,  80 

Lagrange's  formula,  102 

Landolf's  method  of  analysis,  151 

Large  mononuclear  cells,  227,  232 

Laws  of  osmotic  pressure,  92 

Lecithin,  36,  42,  47,  49.  53-  85,  86, 
146,  147,  158,  159,  162,  163,  209; 
classification,  45  ;  history,  44  ; 
importance  of,  42,  44  ;  method 
of  analysis,  48  ;  optical  varieties, 
47  ;  properties  of,  46  ;  relation 
to  cell-ferments,  44,  48  ;  to 
cholesterin,  42,  48  ;  to  neurin,  47  ; 
to  nucleic  acids,  43  ;  to  X-rays, 
44  ;  tests  for,  46 

Leucaemia,  79,  81 

Leucin,  5,  27,  38,  84,  146,  150,  187, 
207 

Levulinic  acid,  38 
Levulose,  21,  31,  32 
Liebermann's  reaction,  37,  186 
Lipase,  70,  71,  79,  165,  186,  208 
Lipoids,  42 
Liver  cysts,  189 

Liver,  pathology  of  metabolism,  3 
Lofiier's  serum,  81,  89 
Liimbar  puncture,  166 
Lymph,  142 
Lymphatic  cysts,  192 
Lymphocytes,  82,  222 
Lysatinin,  33 
Lysin,  5,  6,  33,  34,  38,  84 

M 

Magnesium  sulphate,  for  diagnosis 

of  cerebrospinal  fluid,  169 
Manasse's  method,  50 
Mannite,  78,  80 
Mast  cells,  228 


Mastic  for  removing  albumen,  12 
Mastites,  147 

Meaning  of  terms  acid  and  base,  7 

 acidity,  123 

Meat  extract,  new  bases  in,  47 

Mesenteric  cysts,  188 

Metabolic  products  of  carcinoma 

cells,  214 
Metalbumen  in  hydrocele  fluid,  163 
Methaemoglobin,  187 
Method  of  oxidising  organic  matter 

rapidly,  50 
Methods    of   analysis    [see  under 

special  headings) 
Methods  of  preparing  films,  219 
Methyl  acetate  method,  127 
Methylguanidin,  47 
Methylphenylglucosazone,  32 
Methylpyridin  chloride,  47 
Michaelis  and  Rona's  method  of 

removing  albumen,  13 
Microchemical  reactions,  50 
Microscopic  characters  of  ovarian 

cysts,  177 
Milky  effusions,  158,  192 
Millon's  reagent,  35,  37,  38,  206 
Mimicking  antiferment  action,  87 
Mingin,  47 

Mixtures  of  electrolytes  and  non- 
electrolytes,  107 

Mode  of  existence  of  ferments  within 
the  ceU,  86 

Mode  of  interaction  between  elec- 
trolytes and  non-electrolytes,  107 

Molecular  concentration  of  exu- 
dates and  transudates,  206 

—  conductivity,  115 

—  depression,  93 
Molecules  plus  ions,  96,  103 
Molisch  reaction,  36,  37,  56 
Mollusc  albumen,  6 
Monamidophosphatids,  45 
Monamid  N,  29,  182 
Monaminoacids,  13,  20,  27 
Monomolecular  reaction,  67 
Morner's  test  for  tyrosin,  35 
Mucin,  20,  36,  40,  41,  151,  160,  163, 

165,  178 

Mucoid  contents  of  ovarian  cysts, 
174 
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N 

Nakayama's  test,  59 
Neosin,  47 

Neumann's  method,  49 

Neurin,  34 

Neutral  point,  124 

Nitrogen  content  of  lymph,  144 

Non-electrolytes,  104 

Normal  HCl,  36 

Novaine,  47 

Nuclear  changes  in  goblet  cells,  178 
Nuclease,  70,  75 
Nucleo-globulin,  24,  149 
Nucleohistone,  40 
Nucleoproteid,  20,  170 

O 

Object  of  study  of  puncture-fluids, 
2 

Objections  to  Hausman's  method, 

117 
Oblitin,  47 
Oedema-Fluid,  61 
Omental  cysts,  189 
Opalescent  fluids,  151,  158 
Oral  administration  of  drugs,  208 
Orcin  test,  32 
Osmosis,  91 

Osmotic  concentration,  96,  108, 
144,  147,  152,  134,  159,  165,  172, 
182,  187,  188 

—  pressure,  92,  104 

—  work,  93 

Ovarian  cyst,  25,  41,  54,  59,  61,  80, 

85,  141,  173,  180,  232,  251 
Ovomucin,  24 
Oxalic  acid,  38 

Oxidation,  influence  of  arsenic  on, 
85 

Oxyaminoacids,  34 
Oxydase,  70,  76,  77 
Oxygen  electrode,  129 

P 

Pancreatic  cysts,  23,  59,  80,  184, 
185 

—  juice,  composition  of,  133,  185 
y)-bromphenylhydrazine  test,  33 
Paraglobulin,  24,  149 
Paralactic  acid,  164 


Paralbumen,  39,  41,  163 
Paramucin,  41,  178 
Paranephric  cyst,  191 
Paranucleins,  40 
Parapsendoglobulin,  24 
Parasitic  cysts,  194 
Parotid  cysts,  193 
Parovarian  cyst,  181 
Pathological  metabolism  in  liver,  3 
Pathology    of    metabolism,  study 
of,  3 

Pentamethylenediamine,  84 
Pentoses,  32,  37,  84 
Pepsin,  71,  165,  186 
Peptones,  25,  84 

Pericardial  fluid,  61,  133,  161,  162 
Peripancreatic  cysts,  189 
Peritoneal   fluid,    critical  solution 

point,  121,  133,  148 
Permeability    of    carcinoma  cells, 

217 

 cells  in  peritoneal  fluid,  4 

 to  ions,  214 

 endothelial  cells,  215 

 inflamed  serous  membranes, 

211 

Peroxydase,  77,  87 
Phenolphthalein,  126 
Phenylalanin,  5 
Phloroglucin,  33 
Pliosphatids,  42,  52 
Phosphorus,  detection  of,  49 
Phosphotungstic  acid,  13 
Physical  properties  of  proteids  in 

turbid  effusions,  160 
Physic  o-chemical   characters  of 

fluids,  1 52,  182  {see  Electrolytes, 

etc.) 

—  examination  of  puncture-fluids, 
91  sqq. 

Physico-chemistry,  to  supplement 
chemical  study  of  puncture-fluid, 
2 

Pickardt's  method  of  removing  al- 
bumen, 13 
Picrolonic  acid,  171 
Pigments,  59,  127 
Piria's  test  for  tyrosin,  35 
Platinum  electrodes,  130 
Pleural  fluids,  34,  85,  98,  148,  227 
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Poisonous  action  of  exudates  and 

transudates,  156 
Polarimetry,  69,  126,  151 
Polymerisation  in  fluids,  107 
Polynucleosis,  223,  224 
Polypeptids,  13 

Potassium    salts    in   fluids,  146, 
172 

Potential  ions,  122 

Practical  value  of  autolysis,  82 

Precipitins,  78 

Preformation  of  proteid  constitu- 
ents, 44 

Preliminary  separation  of  chemical 

constituents,  20,  21 
Pressure   of  contents   of  ovarian 

cysts,  176 
Procedure  for  determining  Ch,  131 
Prolin,  5 

Propionic  anhydride,  187 
Protagon,  44 
Protalbumose,  5,  6,  20 
Protamin,  5 

Proteid  Extractive  Ratio,  162,  203 
Proteid  of  carcinoma  cells,  3 
Proteid   quotient,   143,    i49-  162, 
201 

Proteolytic  ferment,  81,  234 
Pseudochylous  effusions,  161 
Pseudoglobulin,    24,    37,   42,  54, 
149 

Pseudolymphocytes,  222,  224,  225 
Pseudomucin,  35,  38,  178 
Pseudomyxoma  peritonei,  184 
Pseudoserumalbumen,  24 
Puerperal  changes  in  uterus,  83 
Purin  N.,  83,  199 
Purins,  20,  29,  31,  76 
Pus,  loi,  145 
Pyrocatechin,  170 
Pyrrhol,  58,  77 

Q. 

Quinone  test  for  tyrosin,  35 
R 

Rate  of  flow  of  cerebrospinal  fluid, 
232 


Ratio  of  chlorides  to  achlorides,  8, 
100,  loi 

Reducing-power  of  puncture-fluids, 
79 

Reductonovain,  47 
Refractive-coefficients     of  fluids, 
204 

Refractometry,  140,  203 
Relation  of  ferments  to  lecithin, 
86 

 freezing-point      to  specific 

gravity,  109 
Renal  cysts,  190 

Residual  nitrogen,  33,  34.  15°'  ^68, 
199 

Results  afforded  by  cytodiagnosis, 
221 

Retroperitoneal  cysts,  189 
Reversible  reactions,  68 
Ricin,  72 

Rivalta's  test,  37,  205 
Rosolic  acid  test  for  paralbumen, 
39 

Runeberg's  method  of  estimating 
albumen,  201 

S 

Salol-splitting  ferment,  165 

Salting  out  proteids,  22 

Salt  ratios,  143,  146,  236 

Sarcolactic  acid,  164 

Sarcoma  cells,  224 

Saturated  ammonium  sulphate,  37 

Scheme  for  differential  diagnosis  of 

cells,  233 
—  of  chemical  analysis,  8 
Scherer's  test,  28 
Schiff's  test,  187 
Schlosing's  method,  29 
Secretion  of  goblet  cells,  39,  40 
Separation  of  globulins,  22 

 glycoproteids,  36 

Serin,  5 

Serosamucin,  36,  40,  205 

Serum  albumen,  5 

Serum,  concentration  of  hydrogen 

ions,  133 
Sorbose,  32 

Sorensen's  method,  74,  75 
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Sources  of  error  in  performing 
cryoscopy,  no 

—  ■ —  failure  in  practical  diagnosis, 
218 

Specific  conductivity,  100  (foot- 
note), 115 

Specific  gravity,  109,  197 

Spermatocele,  194 

Spliingomyelin,  45,  53 

Spleen  cysts,  192 

Sputum-mucin,  39,  40 

Stereo-isomeric  variations  of  pro- 
teids,  6 

Stern  and  Thierfelder's  method,  50, 
52 

Structure  of  proteids,  5 
Study  of  pathology  of  metabolism, 
3 

Subcutaneous  oedema  fluid,  34, 
53 

Substances    impermeable    to  red 

cells,  8 
Successive  tapping,  169 
Succinic  acid,  21,  84,  85,  114,  194 
Sugars  in  peritoneal  fluid,  150 
Sulphuretted  hydrogen,  84 
Surface  tension,  13,  174 
Symbiosis,  209 
Synovial  fluid,  163 
Synovin,  163 

T 

Temperature-coefficient,  106 
Temperature,    correction  -  formula 
for,  107 

—  effect  on  Ch,  130 

■  conductivity,  105 

 viscosity,  139 

Tezner's  experiments,  108 
Thermostat,  114 
Thymin,  84 
Thymolphthalein,  74 
Thyroid  cysts,  187 
Total  nitrogen,  82,  199,  207 
Transudate  v.  Exudate,  6,  Section 
IV. 

Trimethylamine,  47 
Tropaeolin  OOO,  126 
Trypsin,  73,  81,  186 


Tryptophane,  5,  57,  58,  59,  84,  162, 
190 

Tubercular  pus,  89,  146 
Tubo-ovarian  cysts,  182 
Tumour  cells  in  cerebrospinal  fluid, 
232 

Turbid  effusions,  54,  158,  i52 
167 

Types  of  effusion,  23 
Tyrosin,  5,  34,  35,  38,  55,  84,  107, 
150 

U 

Undercooling,  110 
Urachal  cysts,  189 
Uracil,  84 

Urea,  29,  143,  163,  164,  165,  192 
Uric  acid  in  fluids,  148,  165 
Urine,  133,  191 
Urobilin,  151 
Urochrome,  55 

Use  of  conductivity  method,  97 

•  determination    of  viscosity, 

140 

 Giemsa,  221 

 refractometry,  204 

 sand  time-glass,  220 

 slides  for  films,  220 

V 

Vacuolated  cells,  229 

Valerianic  acid,  38 

Value  of  determination  of  con- 
ductivity, 116 

 failures  in  diagnosis,  7 

 study  of  chemistry  of  effu- 
sions, 10 

Van't  Hoff's  law,  95,  107 

Variations  in  chloride  content  of 
fluids,  210 

Velocity  of  reaction,  65,  73,  S3 

Vidiatin,  47 

Viscosimeter  of  Hess,  72,  135-8 
Viscosity,  108,  135,  173,  205 

—  method  of  determining,  137 

—  precautions  needed,  137 

—  influence  of  temperature,  139 

—  results,  140,  141 
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Vitreous  humour,  Cn.  of,  133 
Volatile  acids,  85,  146 

W 

Wassermann's  reaction,  164 
Wcidel's  test,  31 
Widcroe's  test,  206 
Wright's  method   of  determining 
osmotic  pressure,  119 


X 

Xanthin  bases,  40,  84 
Xanthin,  estimation  of,  75 
Xanthin  oxydase,  70,  76 
Xylidin  test,  33 

Z 

Zymogen  granules  in  leucocytes, 
234 
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ON   THE   TREATMENT  OF  RUPTURE   OF  THE  FEMALE 

Perineum  Immediate  and  Remote.  Second  Edition,  with  Illustrations,  8vo. 
3s.  6d. 


FANCOURT  BARNES,  m.d.,  m.r.c.p. 

Physician  to  the  Chelsea  Hospital  for  Women  ;  Obstetric  Physician  to  the  Great  Northern  Hospital,  &c 

A    GERMAN-ENGLISH    DICTIONARY    OF    WORDS  AND 

Terms  used  in  Medicine  and  its  Cognate  Sciences.  Square  i2mo,  Roxburgh 
binding,  gs. 


Sir  JAMES  BARR,  m.d. 

Physician  to  the  Northern  Hospital,  Liverpool;  Medical  Officer  oj  Her  Majesty's  Prison,  Kirkdale,  &c. 

THE  TREATMENT   OP  TYPHOID   FEVER,  and  reports  of 

fifty-five  consecutive  cases  with  only  one  death.  With  Introduction  by  Sir 
W.  T.  Gairdner,  M.D.,  LL.D.,  late  Professor  of  Medicine  in  the  University  of 
Glasgow.    With  Illustrations,  demy  8vo,  6s. 


ASHLEY   W.    BARRETT,   m.b.  lond.,  m.r.c.s.,  l.d.s.e. 

Consulting  Dental  Surgeon  to  the  London  Hospital,  and  late  Lecturer  on  Dental  Surgery  in  the  Medical 
School;  Examiner  in  Dental  Surgery  to  the  Royal  College  of  Surgeons,  England. 

DENTAL  SURGERY  FOR  MEDICAL  PRACTITIONERS  AND 

Students  of  Medicine.    Fourth  Edition,  with  Illustrations,  crown  8vo,  3s.  6d. 

[Lewis's  Practical  Series]. 


G.  A.  H.  BARTON,  m.d. 

Anasthetist  to  the  North-West  London  Hospital,  &c. 

GUIDE  TO  THE  ADMINISTRATION  OP  ETHYL  CHLO- 

ride.    Second  Edition,  with  Frontispiece  and  Illustrations,  demy  8vo,  2s. 

lytist  puhlishcd. 
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H.  CHARLTON  BASTIAN,  m.a.,  m.d.,  f.r.s.,  f.r.c.p. 

Emeritus  Professor  of  the  Principles  and  Practice  of  Medicine  in  University  College,  London ;  Consulting 
Physician  to  University  College  Hospital,  &c. 

A  TREATISE  ON  APHASIA  AND  OTHER  SPEECH  DEFECTS. 

With  illustrations,  medium  8vo,  15s. 

II. 

PARALYSES:     CEREBRAL,    BULBAR,    AND    SPINAL.  A 

iNIanual  of  Diagnosis  for  Students  and  Practitioners.  With  numerous  Illustra- 
tions, 8vo,  I2S.  6d. 

III. 

VARIOUS    FORMS    OF    HYSTERICAL   OR  FUNCTIONAL 

Paralysis.    Demy  8vo,  7s.  6d. 


W.  M.  BEAUMONT. 

Surgeon  to  the  Bath  Eye  Infirmary. 
I. 

INJURIES  OF  THE  EYES  OP  THE  EMPLOYED,  and  the 

Workmen's  Compensation  Act.    Problems  in  Prognosis.    Crown  Svo,  5s. 

\yust  published. 

II. 

THE    SHADOW-TEST    IN    THE   DIAGNOSIS    AND  ESTI- 

mation  of  Ametropia.    Post  Svo,  2S.  6d. 


F.  E.  BEDDARD,  m.a.,  f.r.s. 

[See  Cambridge  Biological  Series,  page  5. 


CHARLES   E.  BEEVOR,  m.d.  lond.,  f.r.c.p. 

Physician  to  the  National  Hospital  for  the  Paralysed  and  Epileptic,  the  Great  Northern  Central 
Hospital,  and  the  National  Orthopedic  Hospital. 

DISEASES  OF  THE  NERVOUS  SYSTEM.    A  Handbook  for 
Students  and  Practitioners.    With  Illustrations,  crown  8vo,  los.  6d. 

[Lewis's  Practical  Series]. 


REGINALD  R.  BENNETT,  b.sc,  lond.,  a.i.c. 

Pharmaceutical  Chemist,  Pharmacist,  and  Teacher  of  Pharmacy  to  University  College  Hospital 
London ;  Late  Demonstrator  in  Materia  Medica  and  Pharmacy  to  the  Pharmaceutical  Society  ' 

of  Great  Britain,  &c. 

^^Pu^^-^A^^?-^^^  -^^^  PHARMACY.  For  Medical  Students. 

With  an  Appendix  on  Incompatibility.    With  blank  pages  for  notes,  fcap.  Svo 

[ymt  pnblhhed. 

HORATIO  R.  BIGELOW,  m.d. 

Permanent  Member  of  the  American  Medical  Association,  S,c. 

PLAIN  TALKS  ON  ELECTRICITY  AND  BATTERIES  WITH 

Therapeutic  Index.    With  Illustrations,  crown  Svo,  4s.  6d.     ^"'^^'^^  W  1  i  ±i 
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JOHN   FAIRBAIRN   BINNIE,  a.m.,  cm.  aberd. 

Professor  of  Surgery,  Kansas  City  Medical  College,  &c. 

MANUAL  OP  OPERATIVE  SUIl»ERY. 

Third  Edition,  fully  Illustrated,  post  8vo,  bound  leather,  gilt  edges,  i28.  6d.  net. 


DRS.  BOURNEVILLE  AND  BRICON. 

MANUAL  OP   HYPODERMIC  MEDICATION. 

Translated  from  the  Second  Edition,  and  Edited,  with  Therapeutic  Index  of  Dis- 
eases, by  ANDREW  S.  CURRIE,  M.D.  Edin.,  &c.  With  Illustrations,  crown 
8vo,  3s.  6d. 


SIR  RUBERT  BOYCE,  f.r.s.,  m.b.,  m.r.c.s. 

Professor  of  Pathology  in  University  College,  Liverpool. 

A  TEXT-BOOK  OP  MORBID  HISTOLOGY  for  Students  and 

Practitioners.    With  130  coloured  Illustrations,  royal  8vo,  31s.  6d. 


A.  BROCA,  M.D. 

Chirurgeon  des  Hopitaux  de  Paris,  &c. 

AND 

F.  LUBET-BARBON,  m.d. 

Ancien  interne  des  Hopitaux  de  Paris,  ' 

MASTOID   ABSCESSES  AND  THEIR  TREATMENT. 

Translated  and  edited  by  Henry  J.  Curtis,  B.S.  and  M.D.  (Lond.),  F.R.C.S. 
(Eng.),  formerly  Assistant  to  the  Professor  of  Pathology,  University  College, 
London,  &c.    With  coloured  Illustrations,  cr.  Svo,  6s. 


W.  IRONSIDE  BRUCE,  m.d. 

Physician  to  the  X-Ray  and  Electrical  Departments,  Charing  Cross  Hospital;  Hon.  Radiographer  to 
the  Hospital  for  Sick  Children,  Great  Ormond  Street. 

A  SYSTEM  OP  RADIOGRAPHY:  With  an  Atlas  of  the  Normal. 

With  III  Illustrations,  folio,  15s.  nett. 


MARY  BULLAR  &  J.  F.  BULLAR,  m.b.  cantab.,  f.r.c.s. 
RECEIPTS  POR  FLUID  POODS.     i6mo,  is. 


G.  H.  BURNHAM,  m.d.  tor.,  f.r.c.s.  edin.,  m.r.c.s.  eng. 

Professor  of  Ophthalmology  and  Otology  at  the  University  of  Toronto,  &c. 

THE  COMBINED  TREATMENT  IN  DISEASES  OP  THE  EYE. 

Crown  Svo,  3s. 


DUDLEY    W.    BUXTON,    m.d.,  b.s.,  m.r.c.p. 

Administrator  of  Anasthetics  and  Lecturer  in  University  College  Hospital ;  Consulting  An<Tsthctist 
to  the  National  Hospital  for  Paralysi:  and  Epilepsy,  Queen's  Square,  &c. 

ANiESTHETICS :   THEIR    USES    AND  ADMINISTRATION. 

Fourth  Edition,  with  Illustrations,  crown  Svo,  7s.  Gd.  [Lewis's  Practical  Series]  . 
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CAMBRIDGE  BIOLOGICAL  SERIES. 

{General  Editor:  A.  E.  Shipley,  M.A.,  Fellow  and  Tutor  of  Christ's  College). 

THE  VERTEBRATE  SKELETON.  By  S.  H.  REYNOLDS,  M.A.  Trinity  College,  Cam- 
bridge ;  Lecturer  and  Demonstrator  in  Geology  and  Zoology  at  University  College,  Bristol. 
With  numerous  Illustrations,  crown  8vo,  I2S.  6d. 

PRACTICAIi  MORBID  ANATOMY.  B-  H.  D.  ROLLESTON,  M.D.,  F.R.C.P.,  Fellow  of 
St.  John's  College,  Cambridge ;  Assistant  Physician  and  Lecturer  on  Pathology,  St.  George's  Hos- 
pital, London;  and  A.  A.  KANTHACK,  M.D.,  M.R.C.P.,  Lecturer  on  Pathology,  St.  Bartholo- 
mew's Hospital,  London.   Crown  8vo,  6s. 

ZOOGEOGRAPHY.   By  F.  E.  BEDDARD,  M.A.,  F.R.S.    With  5  Maps,  crown  8vo,  6s. 

PRACTICAL  PHYSIOLOGY  OF  PLANTS.    By  F.  DARWIN,  M.A.,  F.R.S.,  and  E.  H. 

ACTON,  M.A.    Third  Edition,  with  Illustrations,  crown  8vo,  4s.  6d. 
ELEMENTS    OF    BOTANY.     By  F.  DARWIN,  M.A.,  F.R.S.    Second  Edition,  with  94 

Illustrations,  crown  8vo,  4s.  6d. 

A.  MANUAL  AND  DICTIONARY  OF  THE  FLOWERING  PLANTS  AND 
Ferns.  By  J.  C.  WILLIS,  M.A.,  Sc.D.,  Director  of  the  Royal  Botanic  Gardens,  Ceylon. 
Third  edition,  los.  6d. 

FOSSIL  PLANTS,  a  Manual  for  Students  of  Botany  and  Geology.    By  A.  C. 

SEWARD,  M. A.,  F.R.S.    In  two  volumes,  demy  8vo.    Vol.  I.,  with  Illustrations,  12s. 

[Vol.  II.  just  ready. 

PAL.ffi:ONTOLOGY— INYERTEBRATB.  By  HENRY  WOODS,  M.A.,  F.G.S.,  University 
Lecturer  in  Paijeo-zoology,  Cambridge.  Third  Edition,  revised  and  enlarged,  with  112  Illus- 
trations, crown  8vo,  6s. 

OUTLINES    OF    VERTEBRATE    PAL.ffiONTOLOGY    FOR    STUDENTS  OF 

Zoology.    By  A.  S.  WOODWARD,  M.A.,  F.R.S.    With  Illustrations,  demy  Svo,  14s. 

THE  SOLUBLE  FERMENTS  AND  FERMENTATION.  By  J.  REYNOLDS 
GREEN,  Sc.D.,  F.R.S.,  Professor  of  Botany  to  the  Pharmaceutical  Society  of  Great  Britain,  &c. 
Second  Edition,  Svo,  12s. 

ZOOLOGY,  an  Elementary  Textbook.  By  A.  E.  SHIPLEY,  M.A.,  Fellow  and  Tutor  of 
Christ's  College,  Cambridge,  and  E.  W.  MACBRIDE,  M.A.  (Cantab.),  D.Sc.  (Lond.).  Second 
Edition,  with  numerous  Illustrations,  8Vo,  los.  6d.  net. 

GRASSES  :  a  Handbook  for  use  in  the  Field  and  Laboratory.  By  H.  MARSHALL 

WARD,  Sc.D.,  F.R.S.,  Crown  Svo,  6s. 

LECTURES  ON  THE  HISTORY  OF  PHYSIOLOGY  DURING  THE  Six- 
teenth, Seventeenth,  and  Eighteenth  Centuries.  By  Sir  M.  FOSTER,  K.C.B., 
M.D.,  &c.,  late  Professor  of  Physiology  in  the  University  of  Cambridge,  &c.    8vo,  gs. 

THE  NATURAL  HISTORY  OF  SOME  COMMON  ANIMALS.    By  O.  H.  LATTER, 

M.A.,  Science  Master  at  Charterhouse  School.    Crown  Svo,  5s.  lu-t. 

THE  CLASSIFICATION  OF  FLOWERING  PLANTS.  By  A.  B.  RENDLE,  M.A. 
(Cantab.),  D.Sc.  (Lond.),  Assistant  in  Botany,  British  Museum.  Vol.  I.,  Introduction,  Gymno- 
sperms.  Monocotyledons.    Svo,  10s.  6d.  net. 

TREES.   By  H.  M.  WARD,  Sc.D.,  F.R.S.,  Professorof  Botany  in  the  University  of  Cambridge,  &c 
Vol.  I.,  Buds  and  Twigs.    Vol.  II.,  Leaves;  Vol.  III.,  Flowers.    Crown  Svo,  4s.  6d.  net.  each. 

MORPHOLOGY  AND  ANTHROPOLOGY.  By  W.  L.  H.  DUCKWORTH,  M.A.,  Fellow 
of  Jesus  College  ;  University  Lecturer  in  Physical  Anthropology,  &c.    Svo,  15s, 

STUDIES  FROM  THE  ANTHROPOLOGICAL  LABORATORY.  The  Anatomy 

School,  Cambridge.    By  the  same  Author.    Svo,  10s.  net. 

THE  ORIGIN  AND  INFLUENCE  OF  THE  THOROUGHBRED  HORSE  Rv 

W.  RIDGEWAY,  M.A.,  &c.    Svo,  12.  6d.  net.  B> 

A  TREATISE  ON  THE  BRITISH  FRESH  WATER  ALGiE. 

By  G.  S.  WEST,  M.A.,  A.R.C.S.,  &c.    Demy  Svo,  10s.  6d.  net. 
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CAMBRIDGE  GEOLOGICAL  SERIES. 

HANDBOOK  TO  THE  GEOLOGY  OF  CAMBRIDGESHIRK.    For  the  use  of 

Students.  By  F.  R.  COWPER  REED,  M.A.,  F.G.S.,  Assistant  to  the  Woodwardian  Professor 
of  Geology.    Crown  8vo,  7s.  6d. 

PETROLOGY  FOR  STUDENTS:   An  Introduction  to  the  Study  of  Rocks 

under  the  Microscope.  By  A.  HARKER,  M.A.,  F.G.S.,  Fellow  of  St.  John's  College  ;  Demonstrator 
in  Geology  (Petrology)  in  the  University  of  Cambridge.    Third  Edition,  revised,  cr.  8vo,  7s.  6d. 

THE  PRINCIPIiES  OF  STRATIGRAPHICAIi  GEOLOGY.    By  J.  E.  MARR,  M.A., 

F.R.S.,  Fellow  and  Lecturer  of  St.  John's  College,  Cambridge,  cr.  8vo,  6s. 

A   TREATISE    ON    CRYSTALLOGRAPHY.     By  W.  J.  LEWIS,  M.A.  Professor  of 
Mineralogy  in  the  University  of  Cambridge.    8vo,  14s.  net. 


CAMBRIDGE  PHYSICAL  SERIES. 

(General  Editor  :  R.  T.  Glazebrook,  M.A.,  F.R.S.,  Fellow  of  Trinity  College  ; 
Assistant  Director  of  the  Cavendish  Laboratory). 

HEAT  AND  LIGHT.   By  R.  T.  GLAZEBROOK,  M.A.    Crown  8vo,  5s. 
The  two  Parts  are  also  published  separately.    Heat,  3s.    Light,  3s. 

MECHANICS  AND  HYDROSTATICS.  By  the  same  Author.  Crown  8vo,  6s.  Also  in 
separate  Parts.    Part  L— Dynamics,  3s.    Part  II. — Statics,  2s.    Part  III.— Hydrostatics,  2s. 

A  TREATISE  ON  THE  THEORY  OF  SOLUTION,  INCLUDING  PHENO- 
MENA OF  ELECTROLYSIS.  By  W.  C.  D.  WHETHAM,  M.A.,  F.R.S.,  Fellow  of 
Trinity  College.     8vo,  los.  net. 

MECHANICS.   By  J.  COX,  M.A.,  F.R.S.C.    8vo,  gs.  net. 

ELECTRICITY  AND  MAGNETISM.  By  R.  T.  GLAZEBROOK,  M.A.,  F.R.S.  Crown  Svo, 
6s. 

CONDUCTION  OF  ELECTRICITY  THROUGH  GASES.  By  J.  J.  THOMSON,  D.Sc, 
LL.D.,  F.R.S. ,  Fellow  of  Trinity  College,  Cambridge.    Second  Edition,  Svo,  16s. 

RADIO-ACTIYITY.  By  E.  RUTHERFORD,  D.Sc,  F.R.S.,  F.R.S.C,  Trinity  College, 
Cambridge,  Professor  of  Physics  at  McGill  University,  Montreal.  Second  Edition,  Svo,  12s.  6d.  net. 

TREATISE    ON   THE    THEORY   OF   ALTERNATING   CURRENTS.     By  A. 

RUSSELL,  M.A.,  M.I.E.E.,  late  Scholar  and  Assistant  Lecturer,  Gonville  and  Caius  College, 
Cambridge.    2  vols.,  Svo,  12s.  net.  ench. 

THE  STUDY  OF  CHEMICAL  COMPOSITION,  an  Account  of  Its  Method  and 

Historical  Development.  By  IDA  FREUND,  Staff  Lecturer  and  Associate,  Newnham  College, 
Svo,  i8s.  net. 

THE  THEORY  OF  EXPERIMENTAL  ELECTRICITY.  By  VV.  C.  D.  WHETHAM, 

M.A  ,  F.R.S.    Demy  Svo,  Ss.  net. 

AIR  CURRENTS  AND  THE  LAWS  OF  VENTILATION.  By  W.  N.  SHAW,  Sc.D. 
F.R.S.  &c.    Svo,  with  Illustrations,  3s.  [Just  publish, d. 

MODERN  ELECTRICAL  THEORY.  By  N.  R.  CAMPBELL,  M.A.,  Fellow  of  Trinity 
College,  Cambridge.    Demy  Svo,  7s.  6d.  net. 
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JAMES    CALVERT,  h.a.,  b.sc,  m.d.  lond. 
Fellow  of  the  Royal  College  of  Physicians;  Lecturer  on  Materia  Medica,  Pharmacology,  and  Thera- 
peutics to  St.  Bartholomew's  Hospital. 

PRACTICAL  PHARMACY  AND  PRESCRIBING  FOR  STtT- 

dsnts  of  Medicine.  Being  the  Course  in  Use  at  St.  Bartholomew's  Hospital. 
Second  Edition,  crown  Svo,  interleaved,  4s.  6d. 


ALFRED  W.  CAMPBELL,  M.D. 

Pathologist  to  the  Asylums  Board  of  the  County  of  Lancaster, 

HISTOLOGICAL  STUDIES   ON   THE   LOCALISATION  OF 

Cerebral  Function,  410,  i8s.  nett. 


N.  R.  CAMPBELL,  m.a. 

[See  Cambridge  Physical  Series,  page  6. 


HARRY  CAMPBELL,  m.d.,  b.s.  lond.,  f.r.c.p. 

Physician  to  the  North-  West  London  Hospital. 
I. 

THE  CAUSATION  OP  DISEASE:  An  Exposition  of  the  ulti- 
mate factors  which  induce  it.    Demy  Svo,  12s.  6d. 

II. 

FLUSHING  AND  MORBID  BLUSHING:  Their  Pathology  and 

Treatment.    Second  Edition,  with  plates  and  wood  engravings,  royal  Svo. 

III.  [In  the  press. 

DIFFERENCES   IN   THE   NERVOUS   ORGANISATION  OF 
iVIan  and  Woman,  Physiological  and  Pathological.    Royal  Svo,  15s. 

IV. 

HEADACHE  AND  OTHER  MORBID  CEPHALIC  SENSATIONS. 

Royal  Svo,  12s.  6d. 


FRANK  G.  CLEMOW,  m.d.  edin.,  d.p.h.  cams. 

THE  GEOGRAPHY  OP  DISEASE. 

With  12  Maps  and  Charts,  crown  Svo,  15s. 


ALFRED   H.   CARTER,  m.d.,  m.sc.  lond.,  j.p. 

Fellow  of  the  Royal  College  of  Physicians,  London;  Professor  of  Medicine,  University  of  Birmingham; 
Senior  Physician  to  the  Queen's  Hospital,  Birmingham,  &c. 

ELEMENTS  OP  PRACTICAL  MEDICINE. 

Ninth  Edition,  thoroughly  revised,  crown  Svo,  los.  6d. 


F.  H.  CHAMPNEYS,  m.a.,  m.d.  oxon.,  f.r.c.p. 
Physician-Accoucheur  and  Lecturer  on  Obstetric  Medicine  at  St.  Bartholomew's  Hospital:  Examiner 
in  Obstetric  Medicine  in  the  University  of  Oxford,  &c. 

o^^^o^^F^   MENSTRUATION.     The  Harveian  Lectxires, 
i8go.   Roy.  Svo,  7s.  6d.  ' 

EXPERIMENTAL  RESEARCHES  IN  ARTIFICIAL  RESPIRA- 

tion  in  Stillborn  Children,  and  Allied  Subjects.    Crown  Svo,  3s.  6d. 
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F.  COLEMAN,  l.r.c.p.,  m.r.c.s,  l.d.s. 

Assistant  Dental  Surgeon  to  St.  Bartholomew's  Hospital. 
EXTRACTION  OF  TEETH.    With  56  illustrations,  crown  8vo,  38.  nett. 

[ynst  published. 


ALEXANDER    COLLIE,   m.d.  aberd.,  m.r.c.p.  lond. 

Secretary  of  the  Epidemiological  Society  for  Germany  and  Russia,  &c. 

ON  FEVERS:   THEIR  HISTORY,  ETIOLOGY,  DIAGNOSIS, 

J.  rognosis,  and  Treatment.    Illustrated  with  Coloured  Plates,  crown  8vo,  8s.  6d. 

[Lewis's  Practical  Series]. 


E.  TREACHER  COLLINS,  f.r.c.s. 

Assistant  Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorfields ;  Hunterian  Professor  Royal 

College  of  Surgeons,  England,  i&gs-gi.  ' 

RESEARCHES  INTO  THE  ANATOMY  AND  PATHOLOGY  OF 

the  Eye.    With  10  Plates  and  28  Figures  in  the  Text,  demy  8vo,  6s. 


WALTER    S.    COLMAN,  m.d.,  f.r.c.p.  lond. 

Assistant  Physician  to  the  National  Hospital  for  the  Paralysed  and  Epileptic,  &c. 

SECTION  CUTTING  AND  STAINING:  A  Practical  Intro- 
duction to  Histological  Methods  for  Students  and  Practitioners.  Second  Edition, 
with  Illustrations,  crown  Svo,  3s.  6d. 


ARTHUR  COOPER,  m.r.c.s.,  l.r.c.p. 

Consulting  Surgeon  Westminster  General  Dispensary  ;  formerly  House  Surgeon, 
Male  Lock  Hospital,  &c. 

THE  SEXUAL  DISABILITIES  OP  MAN.    With  two  Illustrations, 
fcap.  8vo.  [Nearly  ready. 


W.  H.  CORFIELD,  m.a.,  m.d.  oxon.,  f.r.c.p.  lond. 

Consulting  Sanitary  Adviser  to  H.  M.  Office  of  Works ;  Hon.  Sanitary  Adviser  to  University  College 
Hospital;  Professor  of  Hygiene  and  Public  Health  in  University  College,  London;  Medical 
Officer  of  Health  for  St.  George's,  Hanover  Square,  &c. 

I. 

DWELLING  HOUSES  :  their  Sanitary  Construction  and  Arrange- 
ments. Fourth  Edition,  with  Illustrations,  crown  Svo,  3s.  6d. 

II. 

DISEASE  AND  DEFECTIVE   HOUSE  SANITATION:  Being 

Two  Lectures  delivered  before  the  Harveian  Society  of  London.  With  Illustra- 
tions, crown  Svo,  2s. 

III. 

THE  ETIOLOGY  OF  TYPHOID  FEVER  AND  ITS  PREVEN- 

tion.  Being  the  Milroy  Lectures  delivered  at  the  Royal  College  of  Physicians, 
igo2.    Demy  Svo,  2S.  6d. 


Catalogue  of  Wo7-ks  PtMished  by  H.  K.  Lewis. 


9 


SIDNEY  COUPLAND,  m.d.,  f.r.c.p. 

Physician  to  the  Middlesex  Hospital  &c. 

NOTES    ON    THE    CLINICAL    EXAMINATION    OP  THE 
Blood  and  Excreta.    Third  Edition,  fcap.  8vo,  is.  6d. 


J.    COX,    M.A.,  F.R.S.C. 

[See  Cambridge  Physical  Series,  page  6. 


CHARLES  CREIGHTON,  m.a.,  m.d. 

Formerly  Demonstrator  of  Anatomy  in  the  University  of  Cambridge. 

A  HISTOilY  OP  EPIDEMICS   IN  BRITAIN.    Vol.  I.,  From 

A.D.  664  to  the  Extinction  of  the  Plague.  Demy  8vo,  i8s.  Vol.  II.,  From  the 
E>:tinction  of  the  Plague  to  the  Present  Time.    Demy  8vo,  20s. 

ILLUSTRATIONS    OP    UNCONSCIOUS    MEMORY    IN  Dis- 
ease, including  a  Theory  of  Alteratives.    Post  8vo,  6s. 


H.  RADCLIFFE-CROCKER,  m.d.  lond.,  f.r.c.p. 

Physician  for  Diseases  of  the  Skin  in  University  College  Hospital,  &c. 

DISEASES  OP  THE  SKIN  ;  THEIR  DESCRIPTION,  PATHO- 

''"'^  Treatment.    With  special  Reference  to  the  Skin  Eruptions 
^u-  i'i/-^"'  ^''^        Analysis  of  Fifteen  Thousand  Cases  of  Skin  Disease 
I  bird  Edition,  with  76  Plates  and  112  Illustrations,  2  vols.,  med.  8vd,  30s.  mtt. 

THE  CONDITIONS  WHICH  "mODIPY  THE  CHABACTEES 

ol  Inflammations  of  the  Skin,  and  their  Influence  on  Treatment.  Bein<r  the 
Lettsomian  Lectures  at  the  Medical  Society  of  London,  1903.    8  0,  is  ' 


J.  SADLER  CURGENVEN,  m.r.c.s.,  l.r.c.p. 
THE  CHILD'S  DIET,  crown  8vo,  is.  6d.  nett. 


DR.  D.  G.  DALGADO. 

The  Royal  Academy  0/ Sciences  of  Lisbon. 

THE  CLIMATE  OP  LISBON  AND  OP  TWO  HEALTH  RE 

sorts  m  Its  Immediate  Neighbourhood,  Mont'  Esioril,  on  the  Rivitra  of  Ponu-a'] 
and  Cintra.    Demy  8vo,  2s.  6d.  ' 


EDWARD   DEANESLY,  m.d.,  b.sc.  lond.,  f.r.c  s. 
Hon.  Surgeon  Wolverhampton  and  Staffordshire  General  Hospital 

MODERN  METHODS  OP  DIAGNOSIS  IN  URINARY  SUR 

gery.    With  a  plate  and  other  Illustrations,  cr.  8vo,  3s.     ^'^'■'■^^"'^  "UR- 


F.  DARWIN,  M.A.,  K.R.s. 

[See  Cambridge  Biological  Series,  page 
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E.  RUMLEY  DAWSON,  m.r.c.s.,  L.n.c.p.,  etc. 
THE  CAUSATION  OF  SEX.   With  Illustrations,  demy  8vo.  \_Nearly  ready. 


ROBERT  W.  DOYNE,  f.r.c.s. 

Surgeon  to  the  Oxford  Eye  Hospital;  Ophthalmic  Surgeon  to  St.  John's  Hospital,  Cowley,  and  to  the 

Bonrton-on-Water  Cottage  Hospital. 

NOTES  ON  THE  MORE  COMMON  DISEASES  OF  THE  EYE. 

With  Test  Types,  crown  8vo  2s. 


W.  L.  H.  DUCKWORTH,  m.a. 

[See  Cambridge  Biological  Series,  page  5. 


PROF.  A.  DUHRSSEN,  m.d. 

Professor  in  Midwifery  and  Gynacology  in  the  University  of  Berlin. 

I. 

A  MANUAL  OF   GYNECOLOGICAL  PRACTICE  FOR  STU- 

dents  and  Practitioners.  Second  English,  translated  and  edited  from  the  Sixth 
German  edition,  by  John  W.  Taylor,  F.R.C.S.,  Professor  of  Gynsecology,  the 
University  of  Birmingham,  and  Frederick  Edge,  M.D.  Lond.,  M.R.C.P., 
F.R.C.S.,  Surgeon  to  the  Wolverhampton  and  District  Hospital  for  Women. 
With  125  Illustrations,  crown  8vo,  3s.  6d.  nett, 

II. 

A  MANUAL  OP  OBSTETRIC   PRACTICE   FOR  STUDENTS 

and  Practitioners.  Translated  and  edited  from  the  Sixth  German  Edition,  by 
John  W.  Taylor  and  Frederick  Edge.  With  Illustrations,  crown  8vo,  3s.  6d.  nett. 


EDWARD  J.  EDWARDES,  m.d.  lond. 

Member  of  the  Royal  College  of  Physicians,  London. 

A  CONCISE  HISTORY  OP  SMALL-POX  AND  VACCINATION 

in  Europe.    Crown  8vo,  2s.  6d.  nett. 


PROF.   PAUL   EHRLICH,  m.d.,  d.sc.  oxon. 

Director  of  the  Koniglichcs'  Institut  fiir  E.xpcrimcntelle  Therapie,  Frankfort. 

EXPERIMENTAL    RESEARCHES    ON    SPECIFIC  THERA- 

peutics.    The  Harben  Lectures,  1907.    With  Portrait,  fcap.  8vo,  2s.  6d.  iictt. 

[jHsi  published. 


W.  ELDER,  M.D.,  F.R.c.p.  edin. 

Physician  to  Leith  Hospital. 

APHASIA  AND  THE  CEREBRAL  SPEECH  MECHANISM. 

With  Illustrations,  demy  8vo,  los.  6d. 
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MARTIN  ELLIOTT,  barrister-at-law. 

AND 

GILBERT  ELLIOTT,  m.r.c.s.,  l.r.c.p.,  d.p.h.,  d.t.m. 

THE  PUBLIC  HEALTH  ACTS  AND  OTHER  SANITARY  LAWS 

and  Regulations  ;  specially  prepared  for  the  Diploma  of  Public  Health.  Second 
Edition,  crown  8vo,  5s.  nett. 


W.  D'ESTE    EMERY,  m.d.,  b.sc.  lond. 

Clinical  Pathologist  to  King's  College  Hospital,  and  Pathologist  to  the  Children's  Hospital,  Paddinglon 
Green  ;  formerly  Assistant  Bacteriologist  to  the  Laboratories  of  the  Royal  Colleges  of  Physicians 
and  Surgeons,  London;  and  sometime  Lecturer  on  Pathology  and  Bacteriology  in  the 
University  of  Birmingham,  &c. 

CLINICAL  BACTERIOLOGY    AND    HJEMATOLOGY  FOR 

Practitioners.  Third  Edition,  with  10  Plates  (4  Coloured)  and  other  Illustrations, 
demy  8vo.  [Lewis's  Practical  Series.] 

[In  the  Press. 


W.  SOLTAU  FENWICK,  m.d.,  b.s.  lond.,  m.r.c.p. 
Physician  to  Out-patients  at  the  Evelina  Hospital  for  Sick  Children;  Senior  Physician  to  the  London 

Temperance  Hospital. 

DISORDERS  OF  DIGESTION  IN   INFANCY  AND  CHILD- 

hood.    With  Illustrations,  demy  8vo,  los.  6d. 

THE  DYSPEPSIA  OF  PHTHISIS:    Its  Varieties  and  Treat- 

ment,  including  a  Description  of  Certain  Forms  of  Dyspepsia  associated  with 
the  Tubercular  Diathesis.    Demy  8vo,  6s. 


G.  H.  FINK,  m.r.c.s.,  l.s.a.  lond. 

Major,  Indian  Medical  Service  (Retired). 

CANCER,  AND  PRECANCEROUS  CHANGES,  their  Origin  and 
Treatment.    8vo,  5s.  j  o 


W.  H.  RUSSELL  FORSBROOK,  m.d.  lond.,  m.r.c.s. 

Consulting  Medical  Officer  to  the  Government  of  the  Cape  of  Good  Hope;  formerly  Surgical  Registrar  to 

Westminster  Hospital. 

A  DISSERTATION  ON  OSTEO-ARTHRITIS.    Demy  8vo,  5s. 


SIR    M.   FOSTER,  k.c.b.,  m.d.,  etc. 

[See  Cambridge  Biological  Series,  page  5. 


J.  MILKER  FOTHERGILL,  m.d.,  m.r.c.p. 
Late  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park,  Src, 


INDIGESTION  AND  BILIOUSNESS.  Second  Edition,  post  8vo,  7s.  6d. 
GOUT  IN  ITS  PROTEAN  ASPECTS.    Post  8vo,  7s.  6d. 

'^^fntrL°T^K^^^,?'^'^^=  His'Neods  and  His  Wants.    With  an 

Introduction  by  Sir  B.  W.  Richardson,  m.d.,  ll.d.,  f.r.s.    Post  8^0,  3s.  6d. 
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R.   HINGSTON    FOX,  m.d.  brux.,  m.r.c.p.  lond. 

WILLI  A.M     HUNTER:     Anatomist,    Physician,  Obstetrician, 

(1718-1783).  With  notices  of  his  fiiends  Cullen,  Smellie,  Fothergill  and 
Baili.ie.  With  seven  Portrait- Prints,  Chronological  Chart  of  Life  and  Times, 
and  View  of  Hunter's  Birthplace,  8vo,  4s.  6d.  nelt. 


IDA  FREUND. 

[See  Cambridge  Physical  Series,  page  6. 


PROFESSOR  DR.  PAUL.  FURBRINGER. 

Director  of  the  Fricdrichshain  Hospital,  Berlin,  &c. 

TEXT-BOOK    OF    DISEASES     OF    THE    KIDNEYS  AND 

Genito-Urinary  Organs.  Translated  by  W.  H.  Gilbert,  M.D.,  Physician  in 
Baden-Baden,  &c.    Vol.  L,  demy  8vo,  7s.  6d.    Vol.  IL,  demy  8vo,  los.  6d. 


SIR  DOUGLAS  GALTON. 

Late  Royal  Engineers,  K.C.B.,  Hon.  D.C.L.,  LL.D.,  F.R.S.,  /Issoc  Inst.  C.E.,  M.l.Mech.E.,  F.S.A  ., 

F.G.S.,  F.L.S.,  F.C.S.,  F.R.G.S.,  &c. 

HEALTHY   HOSPITALS.    Observations  on  some  points  con- 
nected with  Hospital  Con?truction.    With  Illustrations,  8vo,  ios..6d. 


JOHN  HENRY  GARRETT,  m.d. 

Licentiate  in  Sanitary  Science  and  Diplomnte  in  Public  Health,  Universities  oj  Durham  and 

Cambridge,  &c. 

THE  ACTION  OF  WATER  ON  LEAD;  being  an  inquiry  into  the 

Cause  and  Mode  of  the  Action  and  its  Prevention.    Crown  8vo,  4s.  6d. 


R.  T.  GLAZEBROOK,  m.a.,  f.r.s. 

[See  Cambridge  Physical  Series,  page  6, 


E.  W.  GOODALL,  m.d.  lond. 

Medical  Superintendent  of  the  Eastern  Hospital  of  the  Metropolitan  Asylums  Board,  formerly 
Medical  Registrar  to  Guy's  Hospital, 

AND 

J.  W.  WASHBOURN,  c.m.g.,  m.d.  lond. 

Fellow  of  the  Royal  College  of  Physicians ;  Physician  to  the  London  Fever  Hospital ;  Assistant 
Physician  to  Guy's  Hospital,  and  Lecturer  in  the  Medical  School. 

A  MANUAL  OF  INFECTIOUS  DISEASES.    Illustrated  with  Plates, 
Diagrams,  and  Charts,  demy  8vo,  15s. 
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JAMES  F.  GOODHART,  m.d.  aberd.,  f.r.c.p. 

yhysician  to  Guy's  Hospital,  and  Consulting  Physician  to  the  Evelina  Hospital  for  Sick  Children. 

ON  COMMON"  NEUilOSES  :   or  the  Neurotic  Element  in  Disease 
and  its  Rational  Treatment.    Second  Edition,  crown  8vo,  3s.  6d. 


GEORGE  M.  GOULD,  a.m.,  m.d. 

Ophthalmic  Surgeon  to  the  Philadelphia  Hospital,  &c. 

THE  PKACTITIONER'S  MEDICAL  DICTIONARY,  an  illus- 
trated dictionary  of  Medicine  and  allied  subjects,  including  all  the  words  and 
phrases  generally  used  in  Medicine,  with  their  proper  pronunciation,  deiivaiion, 
and  definition.  Illustrated,  medium  8vo,  pp.  xxvi.  +  1043,  thin  paper,  gilt  edge?, 
rounded  corners,  handsomely  bound  in  limp  leather,  21s.  nett. 


II. 


THE  STUDENT'S  MEDICAL  DICTIONARY:  including  all  the 

words  and  phrases  generally  used  in  Medicine,  with  their  proper  pronunciation 
and  definitions,  based  on  recent  medical  literature.  Eleventh  Edition,  with 
elaborate  Tables  and  many  Illustrations,  8vo,  14s.  nett. 

A  POCKET  MEDICAL  DICTIONARY,  Giving  the  Pronuncia- 
tion and  Definition  of  30,000  of  the  Principal  Words  used  in  Medicine  and  the 
Collateral  Sciences.  The  Dose  Table  in  this  edition  is  revited  in  accordance 
with  the  U.S.  Pharmacopoeia,  1905.    Fourth  Edition,  bound  limp,  321110,  5s.  iicU. 


C.  GRAHAM  GRANT,  L.R.C.P.  AND  S.  EDIN. 

Divisional  Surgeon  H.  and  Thames  Divisions  Metropolitan  Poliie;  Surgeon  Poplar  Hospital  &c 

POLICE-SURGEON'S  EMERGENCY  GUIDE.    Fcap.  Svo,  rour.dtd 


corners,  2s. 


WILLIAM    GRAY,  m.d.,  cm.  (edin.). 

INFLUENZA,  with  Special  Reference  to  some  Peculiar  Sym- 
ptoms.   Svo,  3s.  6d. 


J.  REYNOLDS   GREEN,  sc.u.,  k.r.s. 

[See  Cambridge  Biological  Series,  page  5. 


DR.  JOSEF  GRUBER. 

Professor  of  Otology  in  the  University  of  Vienna,  Etc. 

A   TEXT-BOOK  OP  THE  DISEASES  OP  THE  EAR 


......  .....        •.        j-u's^^.i  .urn  rainoiogist  to  the  London  Throat 

Hospital.  Second  Engh.h  Edition,  with  165  Illustrations,  and  70  coloured 
figures  on  2  lithographic  plates,  royal  Svo,  28s.  '  toiourea 
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H.  J.  HANSEN. 

AND 

W.  SORENSEN. 

Fellow  Royal  Danish  Academy,  Copenhagen. 

ON  TWO  ORDERS  OF  ARACHNIDA  OPILIOWES.  Especially 

the  Sub-order,  Cyphophlhalmi  and  Ricinulei,  namely  the  Cryptostemmatoidae. 
With  9  plates,  4to,  15s.  nett. 


A.  HARKER,  m.a.,  f.g.s. 

[See  Cambridge  Geological  Series,  page  6. 


VINCENT  DORMER   HARRIS,  m.d.  lond.,  f.r.c.p. 

Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park ;  Examining 
Physician  to  the  Royal  National  Hospital  for  Consumption  and  Diseases  of  the  Chest,  Ventnor,  &c,, 

AND 

EDWIN  CLIFFORD  BEALE,  m.a.,  m.b.  cantab.,  f.r.c.p. 

Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park,  and  to  the  Great 

Northern  Central  Hospital,  &c. 

THE  TREATMENT  OF  PULMONARY  CONSUMPTION. 

A  Practical  Manual.    Crown  8vo,  los.  6d.  [Lewis's  Practical  Series]. 


Drs.  HARVEY  and  DAVIDSON'S 

SYLLABUS  OF  MATERIA  MEDICA.  Revised  in  accordance  with 
the  "  British  Pharmacopoeia,"  1898,  by  William  Martindale,  F.L.S.,  F.C.S., 
Member  of  Council  of  Pharmaceutical  Society,  and  late  Examiner;  Joint  Author 
of  "The  Extra  Pharmacopoeia."    Tenth  Edition,  foolscap  i6mo,  is.  nett. 


W.  S.  HEDLEY,  m.d. 

Medical  Officer  in  charge  of  the  Electro-Therapeutic  Department  of  the  London  Hospital. 

I. 

THE  HYDRO-ELECTRIC  METHODS  IN  MEDICINE. 

Second  Edition,  with  Illustrations,  demy  8vo,  4s.  6d. 

11. 

CURRENT  PROM  THE  MAIN:  The  Medical  Employment  of 

Electric  Lighting  Currents.    With  Illustrations,  demy  Svo,  2s.  6d. 

III. 

PRACTICAL  MUSCLE-TESTING;   AND,  THE  TREATMENT 

of  Muscular  Atrophies.    With  Illustrations,  demy  Svo,  3s.  6d. 


H.  HELBING,  f.c.s. 


MODERN  MATERIA  MEDICA :  For  Medical  Men,  Pharmacists, 
and  Students.    Fourth  Edition,  Svo,  Ss.  nett. 
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HERBERT    T.  HERRING,  m.b.,  b.s.  (uurh.),  m.r.c.s. 

THE  STERILISATION  OP  URETHRAL  INSTRUMENTS,  and 

their  Use  in  some  Urinary  Complaints.    With  Illustrations,  demy  8vo,  5s. 


C.   HIGGENS,  F.R.c.s. 

Ophthalmic  Surgeon  to  Guy's  Hospital;  Lecturer  on  Ophthalmology  at  Guy's  Hospital  Medical  School. 

A  MANUAL  OP  OPHTHALMIC  PRACTICE. 

Second  Edition,  revised  and  edited  by  A.  W.  Okmond,  F.R.C.S.E.,  Assistant 
Surgeon,  Royal  Eye  Hospital,  Southwark,  &c.  With  66  Illustrations,  crown  8vo, 
7s- 6d.  [Lewis's  Practical  Series]. 


BERKELEY  HILL,  m.b.  lond.,  f.r.c.s. 

Prof essor  of  Clinical  Surgery  in  University  College ;  Surgeon  to  University  College  Hospital  and  to  the 

Lock  Hospital ; 

AND 

ARTHUR  COOPER,  l.r.c.p.,  m.r.c.s. 

Surgeon  to  the  Westminster  General  Dispensary. 

SYPHILIS  AND  LOCAL  CONTAGIOUS  DISORDERS. 

Second  Edition,  entirely  re-written,  royal  8vo,  i8s. 


JAMES    HINSHELWOOD,  m.a.,  m.d.,  f.f.p.s.  glas. 

Surgeon  to  the  Glasgow  Eye  Infirmary. 

LETTER-,  WORD-  AND  MIND-BLINDNESS. 

Crown  8vo,  3s. 


E.  LUCAS  HUGHES,  m.r.c.s.  eng.,,  l.r.c.p.  lond. 
Clinical  Ophthalmic  Assistant,  Royal  Infirmary,  Liverpool,  &c. 

SQUINT,  AND  OCULAR  PARALYSIS,  with  a  short  account  of 
the    Disturbances    of  Muscle   Balance.    With   53    Illustrations,   demv  Svo 
6s.  6d.  nett.  ■'  ' 


SURGEON-MAJOR  GEORGE  A  HUTTON 
LateRifie-Srigade  ^he  Prince  ^^Xfi^^^^^; ;  /7.,o..^  Organising  Ccnntissioner',  St .  John 

^^Sl^.PA^g??TO^K^    ^^^if  an¥nSucS  m^^.'^iti?^ 

-  Joh/A^buYancV  A/o:L\l.^' 

[Now  ready. 
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H.  LEWIS  JONES,  m.a.,  m.d.,  f.r.c.p. 

Metlical  Officer  in  charge  of  the  Electrical  Ve/yartmeiit  in  St.  Bartholomew's  Hospital  ■    Late  I'resiilait 
of  the  British  Electro-Therapeniic  Society,  &c. 

MEDICAL  ELECTRICITY.   A  Practical  Handbook  for  Students 

and  Piactilioners.  Filth  Edition,  thoroughly  revised  and  enlarged,  with  12 
plates  and  Illustrations,  demy  8vo,  12s.  6d.  nett. 

[Lewis's  Practical  Series]. 


L.  VERNON    JONES,  m.d. 

GONOIIIIHCEAL   ARTHRITIS,  its  Pathology,  Symptoms,  and 
Treatment.    With  Illustrations,  crown  8vo,  2s.  6d. 


EMILIA  KANTHAGK. 
(MRS.  DE  VOSS.) 

THE  PRESERVATION  OP  INFANT  LIFE:  A  guide  for  health 
visitors.  With  Preface  by  Dr.  J.  F.  J.  Sykes,  Medical  Officer  of  Health 
St.  Pancras.    Crown  8vo,  is.  nctt.  \J,,st published. 


T.   N.  KELYNACK,  m.d. 

Pathologist  to  the  Manchester  Royal  Infirmary  ;  Demonstrator  and  Lectnrer  on  Pathology  in  the 

Owens  College. 

A.  CONTRIBUTION  TO  THE  PATHOLOGY  OF  THE  VER- 

miform  Appendix.    With  Illustrations,  large  8vo,  los.  6d. 


HENRY  R.  KENWOOD,  m.b.,  d.p.h.,  f.c.s. 

Professor  of  Hygiene  and  Public  Health,  University  College,  London;  and  Medical  Officer  of  Health 
and  Public  Analyst  for  Stoke  Newington,  &c. 

PUBLIC  HEALTH  LABORATORY  WORK,  The  part  dealing  with 
Public  Health  Bacteriolog  cal  Work  contributed  by  W.  G.  Savage,  M.D.,  B.Sc, 
D.P.H.,  Medical  Officer  of  Health,  Colchester,  formerly  Assistant  to  the  Pro- 
fessor of  Pathology,  with  Charge  of  the  Bacteriological  Department,  University 
College,  London,  &c.    Fourth  Edition,  with  Illustrations,  demy  8vo,  los.  nctt. 

[Lewis's  Practical  SeriesI. 

lyiist  published. 


NORMAN  KERR,  m.d.,  f.l.s. 

President  of  the  Society  for  the  Study  of  Inebriety;  Consulting  Physician,  Dalrympie  Home  for 

Inebriates,  etc. 

INEBRIETY    OR    NARCOMANIA:     its    Etiology,  Pathology, 
Treatment,  and  Jurisprudence.    Third  Edition,  8vo,  ys.  6d.  nett. 


DR.   PHILALETHES  KUHN. 

staff  Surgeon  to  the  Imperial  Troops  of  the  South  West  African  Protectorate. 

INOCULATION  AGAINST  MALABIA. 

Tianslated  by  H.  A.  Nesbit,  M.A.,  with  a  Table  of  Curves.    Svo,  2s.  nctt. 
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F.  CHARLES  LARKIN,  f.r.c.s.  eng. 
Surgeon  to  the  Sliuiley  Hospital;  tale  Assistant  Lecturer  in  Physiology  in  University 

College,  Liverpool, 

AND 

HANDLE    LEIGH,  m.b.,  b.sc.  lond. 

Senior  Demonstrator  oj  Physiology  in  University  College,  Liverpool. 

OUTLINES  OP  PRACTICAL  PHYSIOLOGICAL  CHEMISTRY. 

Second  Edition,  with  Illustrations,  crown  8vo,  paper  2s.  6d.  r.ctt,  or  cloth  3s.  tieit. 


O.  H.  LATTER,  m.a. 

[See  Cambridge  Biological  Serief,  page  5. 


J.  WICKHAM  LEGG,  f.r.c.p. 

Formerly  Assistant  Physician  to  Saint  Bartholomew's  Hospital,  and  Lecturer  on  Pathological 
Anatomy  in  the  Medical  School. 

I. 

ON  THE  BILE,  JAUNDICE,  AND  BILIOUS  DISEASES. 

With  Illustrations  in  chromo-lithography,  roy.  8vo,  25s. 

11. 

A  GUIDE  TO  THE  EXAMINATION  OP  THE  URINE. 

Seventh  Edition,  edited  and  revised,  by  H.  Lewis  Jones,  M.D.,  M.A.,  F.R.C.P., 
Medical  Officer  in  charge  of  the  Electrical  Department  in  St.  Bartholomew's 
Hospital.    With  Illustrations,  fcap.  8vo,  3s.  6d. 


ARTHUR    H.    N.    LEWERS,  m.d,  lond.,  f.r.c.p.  lond. 

S"'io/  Obstetric  Physician  to  the  London  Hospital,  and  Lecturer  on  Midwifery,  London  Hospital 
^^7„Jr'°n  ■  ^fV'""":      ^^'Iti'ifcry  and  Diseases  0/ Women  at  the  Conjoint  Board  of  the 
Koyal  College  of  Physicians  of  London,  and  of  the  Royal  College  of  Surgeons  of  England- 
late  Examiner  m  Obstetric  Medicine  to  the  University  of  London ,  &c. 

I. 

CANCER  OP  THE  UTERUS:    A  Clinical  Monograph  on  its 

Diagnosis  and  Treatment.  With  the  After  Results  in  Seventy-Three  Cases 
Ireated  by  Radical  Operation.  With  3  coloured  Plates  and  51  original  Illus- 
trations, Bvo,  los.  6d.  nett. 


II. 


^  PI^^CTICAL  TEXTBOOK  OP  THE  DISEASES  OP  WOMEN 

Sixth  Edition,  with  166  Illustrations  and  4  coloured  Plates,  crown  Bvo,  los.  6d. 

[Lewis's  Practical  Series]. 


PROF.  W.  J.  LEWIS,  M.A. 

[See  Cambridge  Geological  Series,  page  6. 


ROBERT  LINDSAY,  a.m.,  m.b.,  f.r.c.s.e. 

Retired  Surgeon,  Army  Medical  Department. 

^\STtJ MALARIA  AND  ITS  CONSEQUENCES. 
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WILLIAM  A.  M'KEOWN,  m.d.,  m.ch. 

Surgeon  to  tlie  Ulster  Eye,  Ear,  and  Throat  Hospital,  Belfast ;  Member  of  the  Senate  of  the  Royal 
University  of  Ireland;  Lecturer  on  Ophthalmology  and  Otology,  Queen's  College,  Belfast. 

A  TREATISE  ON  "  UNRIPE "  CATARACT,  and  its  Successfvd 

Treatment  by  Operation,  with  Tables  comprising  151  Cases.  With  Illustrations, 
royal  8vo,  12s.  6d.  nett. 


J.  M.  H.  MACLEOD,  m.a.,  m.d.,  m.r.c.p. 

Assistant  Physician  for  Diseases  of  the  Skin,  Charing  Ctoss  Hospital;  Physician  for  Diseases  of  the 
Skin,  Victoria  Hospital  for  Children ;  Lecturer  on  Skin  Diseases,  London  School  of  Tropical  Medicine. 

PRACTICAL  HANDBOOK  OP  THE  PATHOLOGY  OF  THE 

Skin.  An  Introduction  to  the  Histology,  Pathology,  and  Bacteriology  of  the 
Skin,  with  Special  Reference  to  Technique.  With  40  Plates,  8  being  in  Colours, 
from  original  Drawings,  demy  8vo,  15s.  nett. 


J.   E.   MARR,  M.A. 

[See  Cambridge  Geological  Series,  page  6. 


JEFFERY  A.  MARSTON,  m.d.,  c.b.,  f.r.c.s.,  m.r.c.p.  lond. 

Surgeon  General  Medical  Staff  (Retired). 

NOTES  ON  TYPHOID  FEVER :  Tropical  Life  and  its  Sequelae. 

Crown  8vo,  33.  6d. 


WILLIAM  MARTINDALE,  f.l.s.,  f.c.s. 

Late  President  and  Examiner  of  the  Pharmaceutical  Society, 

AND 

W.  WYNN  WESTCOTT,  m.b.  lond.,  d.p.h. 

H.M.'s  Coroner  for  North-East  London. 

THE  EXTRA  PHARMACOPCEIA.  Twelfth  Edition,  revised  by  W. 
Harrison  Martindale,  ph.d.,  f.c.s.,  and  W.  Wvnn  Westcott,  m.b.,  &c., 
limp  roan,  med.  24mo,  los.  nett. 


WILLIAM  MARTINDALE,  f.c.s. 

Late  Examiner  of  the  Pharmaceutical  Society,  &c. 
I. 

COCA,  AND   COCAINE  :  their  History,  Medical  and  Economic 

Uses,  and  Medicinal  Preparations.    Fourth  Edition,  fcap.  8vo,  2S. 

ANALYSES    OF   TWELVE    THOUSAND  PRESCRIPTIONS: 

being  Statistics  of  the  Frequency  of  Use  therein  of  all  Ofticial  and  Unotticial 
Preparations.    Fcap.  410,  2s.  6d.  nett. 
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MATERIA  MEDICA  LABELS. 

Adapted  for  Public  and  Private  Collections.  Compiled  from  the  British  Pharma- 
copoeia of  1S98  and  other  sources.  The  Labels  are  arranged  m  Two  Divi- 
sions : — 

Division  I.— Comprises  Chemical  Materia  Medica,  including  Alcohols,  Alka- 
loids, Sugars,  and  Neutral  Bodies. 

Division  II. — Comprises,  with  few  exceptions,  Substances  of  Organized  Struc- 
ture, obtained  from  the  Vegetable  and  Animal  Kingdoms. 
On  gummed  paper,  12s.  6d.  7iett. 

*^*  Specimens  of  the  Labels,  of  which  there  are  about  500,  will  be  sent  on  application. 


ELIE  METCHNIKOFF. 

Foreign  Member  of  the  Royal  Society  of  London. 

IMMUNITY  IN  INFECTIVE  DISEASES. 

Translated  by  F.  G.  Binnie,  45  figures,  royal  8vo,  i8s.  nett. 


A.  STANFORD   MORTON,  m.b.,  f.r.c.s.  eng. 

Surgeon  to  the  Moerfields  ophthalmic  Hospital ;  Ophthalmic  Surgeon  to  the  Great  Northern  Central 

Hospital,  &c. 

REFRACTION  OF  THE  EYE :  its  Diagnosis  and  the  Correction 

of  its  Errors.    Seventh  Edition,  thoroughly  revised,  small  8vo,  3s.  6d. 


C.  W.  MANSELL  MOULLIN,  m.d.  oxon.,  f.r.c.s. 

Surgeon  to  and  Lecturer  on  Surgery  at  the  London  Hospital;  Examiner  in  Surgery  at  the  University 

Oxford,  &c. 

I. 

INFLAMMATION    OF    THE    BLADDER    AND  URINARY 

Fever.    8vo,  5s. 

II. 

ENLARGEMENT  OF  THE  PROSTATE:    its   Treatment  and 

Radical  Cure.    Third  edition,  with  plates,  8vo,  6s. 

III. 

SPRAINS ;    THEIR   CONSEQUENCES    AND  TREATMENT. 

Second  Edition,  crown  Svo,  4s.  6d. 


GEORGE    R.  MURRAY,  m.a.,  m.d.  camb.,  f.r.c.p. 

Heath  Professor  of  Comparative  Pathology  in  the  University  of  Durham;  Physician  to  the  Royal 

Infirmary,  Newcastle. 

DISEASES  OF  THE  THYROID  GLAND.    Part  I.,  Myxcedema  and 
Cretinism.    With  25  Illustrations,  demy  Svo,  7s.  6d. 
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WILLIAM   MURRAY,  m.d.,  f.r.c.p.  lonu. 

I. 

BOUGH    NOTES    ON    REMEDIES.     Sixth  Edition,  with  an  additional 
Chapter.    Maps,  crown  8vo,  4s.  nett.  [Just  published. 

II. 

ILLUSTRATIONS  OP  THE  INDUCTIVE  METHOD  IN  MEDI- 
cine.    Crown  8vo,  3s.  6d. 


WILLIAM  MURRELL,  m.d.,  f.r.c.p. 

Phyiician  to,  and  Lecturer  on  Clinical  Medicine  and  Joint  Lecturer  on  the  Principles  and  Practice  of 
Medicine  at,  the  IVestniinster  Hospital ;  Examiner  in  Materia  Medica  in  the 
University  of  Glasgow. 

WHAT    TO    DO    IN    CASES    OP   POISONING.     Tenth  Edition, 
royal  32mo,  3s.  6d.  {Just  published. 


G.  H.  F.  NUTTALL,  m.a.,  m.d. 

University  Lecturer  in  Bacteriology  and  Preventive  Medicine,  Cambridge. 

BLOOD  IMMUNITY  AND  BLOOD  RELATIONSHIP. 

Including  Original  Researches  by  G.  S.  Graham-Smith,  m.a.,  etc.,  and  T.  S.  P. 
Strangeways,  m.a.,  m.r.c.s.    Medium  8vo,  15s.  7iett. 


G.  H.  F.  NUTTALL,  m.a.,  m.d.,  etc. 

AND 

G.  S.  GRAHAM-SMITH,  m.a.,  m.d. 

University  Lecturer  on  Hygiene,  Cambridge. 

THE  BACTERIOLOGY  OP  DIPHTHERIA.   Including  Sections 

on  the  History,  Epidemiology  and  Pathology  of  the  Disease,  the  Mortality 
caused    by    it,  the    Toxins    and   Antitoxins  and   the   Serum   Disease.  By 

F.  LOEFFLER,    M.D.,     ARTHUR    NeWSHOLME,     M.D.,     F.     B.     MalLORY,  M.D., 

G.  S.  Graham-Smith,  m.d.,  George  Dean,  m.d.,  W.  H.  Park,  m.d.,  and 
C.  F.  P.  BoLDUAN,  m.d.  Edited  by  G.  H.  F.  Nuttall  and  G.  S.  Graham- 
Smith.    Imperial  8vo,  25s.  nett. 


GEORGE   OLIVER,  m.d.  lond.,  f.r.c.p.  lond. 

STUDIES  IN  BLOOD   PRESSURE,  PHYSIOLOGICAL  AND 

Clinical.    Second  Edition,  enlarged,  roan,  rounded  corners,  fcap.  8vo,  4s.  iieit. 

lyust  published. 

BLOOD-PRESSURE  AND  TISSUE-LYMPH  CIRCULATION: 

The  Oliver-Sharpey  Lectures,  1904,  with  addenda.  [Preparnig. 

III. 

A  CONTRIBUTION  TO  THE  STUDY  OF  THE  BLOOD  AND 

BLOOD-PRESSURE  ;  founded  on  Portions  of  the  Croonian  Lectures  delivered 
before  the  Royal  College  of  Physicians,  London,  1S96,  with  Considerable  Exten- 
sions.   With  Illustrations,  demy  8vo,  7s.  6d. 


IV. 


HARROGATE  AND  ITS  WATERS:  Notes  on  the  Climate  of 
Harrogate,  and  on  the  Chemistry  of  the  Mineral  Spring.  With  Map  of  the 
Wells,  crown  8vo,  2S.  6d. 

V. 

ON  BEDSIDE  URINE  TESTING:  a  Clinical  Guide  to  the 
Observation  of  Urine  in  the  course  of  Work.    Fourth  Edition,  fcap.  8vo,  3s.  6d. 
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DR.  A.  ONODI. 

Lecturer  on  Rhino-Laryngology  in  the  Univerzily  of  Budapest. 

THE  ANATOMY  OF  THE  NASAL  CAVITY,  AND  ITS  ACCES- 

sory  Sinuses.  An  Atlas  for  Piaciiiioners  and  Students.  Translated  by  St  Clair 
Thomson,  M.D.  Lond.,  F.R.C.S.  Eng.,  M.R.C.P.  Lond.  With  plates,  small  4to, 
6s.  nett. 


WILLIAM  OSLER,  m.d.,  f.r.c.p.  lond.,  f.r.s. 

Regius  Professor  of  Medicine,  University  of  Oxjord ;  President  of  the  Association  of  American  Phy- 
sicians; late  Professor  of  Medicine,  Johns  Hopkins  University,  and  Phystcian-in-Chief 
Johns  Hopkins  Hospital,  Baltimore. 

I. 

^QUANIMITAS.    Witli  other  Addresses  to  Medical  Students, 

Nurses,  and  Practitioners  of  Medicine.  Second  Edition,  with  additional 
Addresses;  The  Fixed  Period  ;  The  Student  Life;  Unity,  Peace  and  Concord; 
and  "  L'Envoi,"  post  8vo,  8s. 

11. 

ON  CHOREA  AND  CHOREIFORM  AFFECTIONS.   Large  Svo,  5s. 


WILLIAM  OSLER,  m.d.,  f.r.s.,  f.r.c.p.  lond. 

AND 

THOMAS   MeCRAE,  m.b.  tor.,  l.r.c.p.  lond. 

Of  the  Johns  Hopkins  Hospital,  Baltimore. 

CANCER  OF  THE  STOMACH;  a  Clinical  Study.  With  Illustrations, 

med.  Svo,  6s, 


KURRE  W.  OSTROM. 

Instructor  in  Massage  and  Swedish  Movements  in  the  Philadelphia  Polyclinic  and  College  for 

Graduates  in  Medicine. 

MASSAGE  AND  THE  ORIGINAL  SWEDISH  MOVEMENTS; 

their  application  to  various  diseases  of  the  body.  Sixth  Edition,  with  115 
Illustrations,  crown  Svo,  3s.  6d. 


CHARLES  A.  PARKER,  f.r.c.s.  edin. 
Assistant  Surgeon  to  the  Hospital  for  Diseases  of  the  Throat,  Golden  Square,  London. 
P03T-NASAL  GROWTHS.    Demy  Svo,  4s.  6d. 
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ROBERT  W.  PARKER. 

Senior  Surgeon  to  the  East  London  Hospital  for  Children ;  Surgeon  to  the  German  Hospital. 

DIPHTHERIA:    ITS  NATURE  AND   TREATMENT,  WITH 

Special  Reference  to  the  Operation,  After-Treatment,  and  Complications  of 
Tracheotomy.    Third  Edition,  with  Illustrations,  8vo,  6s. 


LOUIS  PARKES,  m.d.,  d.p.h.  lond.  univ. 

Consulting  Sanitary  Adviser  to  H.M.  Office  of  Works;  Civilian  Sanitary  Member  of  the  Advisory 
Board  for  Army  Medical  Services  ;  Examiner  in  Hygiene  and  Public  Health  to  the  University 
o]  London;  Medical  Officer  of  Health  for  the  Metropolitan  Borough  oj  Chelsea;  Fellow 
of  the  Royal  Sanitary  Institute. 

AND 

HENRY  R.  KENWOOD,  m.b.  edin.,  d.p.h.  lond. 

Professor  of  Hygiene  and  Public  Health  at  University  College,  London  ;  Medical  Officer  of  Health  and 
Public  Analyst  for  the  Metropolitan  Borough  of  Stoke  Newiugton;  Fellow  of  the  Royal  Sanitary 

Institute,  Src. 

HYGIENE  AND  PUBLIC  HEALTH.  Third  Edition,  with  96  Illustration?, 
demy  8vo,  los.  6d.  nett.  [Lewis's  Practical  Series]. 


LOUIS    PARKES,  m.d.,  d.p.h.  lond.  univ. 

INFECTIOUS   DISEASES,  NOTIFICATION  AND  PREVEN- 

tion.    Fcap.  8vo,  cloth,  2s.  6d. 


J.  E.  PLATT,  M.S.  lond.,  f.r.c.s. 
Honorary  Surgeon  to  the  Hulme  Dispensary ;  Surgical  Officer  to  the  Cancer  Hospital,  Manchester,  &c. 

A  CONTRIBUTION  TO  THE   SURGERY   OF  FRACTURES 

and  Dislocations  of  the  Upper  Extremity,  based  upon  an  analysis  of  about  700 
Consecutive  Cases  observed  at  the  Manchester  Royal  Infirmary.  With  Illus- 
trations, royal  Svo,  los. 


G.  V.  POORE,  M.D.,  F.R.C.P. 

Professor  ol  Medical  Jurisprudence,  University  College;  Assistant  Physician  to,  and  Physician  in 
charge  of  the  Throat  Department  of,  University  College  Hospital. 

LECTURES  ON  THE  PHYSICAL  EXAMINATION  OF  THE 

Mouth  and  Throat.    With  an  Appendix  of  Cases.    Svo,  3s.  6d. 
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SIR  RICHARD  DOUGLAS  POWELL,  Bart.,  m.d.  lond.,  f.r.c.p. 

Physician  in  Ordinary  to  His  Majesty  the  King;  Physician  to  the  Middlesex  Hospital; 
Consulting  Physician  to  the  Brompton  Hospital,  &c. 

THE  LUMLEIAN  LECTURES  ON  THE  PRINCIPLES  WHICH 

Govern  Treatment  in  Diseases  and  Disorders  of  the  Heart.  With  coloured 
Diagrams,  demy  8vo,  6s. 

BY  tHE  SAME  AUTHOR 

DISEASES  OP  THE  LUNGS  AND  PLEURA,  INCLUDING 

Consumption.  Fourth  Edition,  with  coloured  plates  and  wood  engravings, 
8vo,  i8s. 


TABLE  OP  PHYSICAL  EXAMINATION  OP  THE  LUNGS: 

with  Note  on  International  Nomenclature  of  Physical  Signs  (reprinted  from 
Sir  R.  D.  Powell's  "  Diseases  of  the  Lungs").    On  one  sheet,  6d. 


D'ARCY  POWER,  m.a.,  m.b.  oxon.,  f.r.c.s.  eng. 

Surgeon  to  St.  Bartholomew's  Hospital;  Senior  Surgeon  to  the  Victoria  Hospital  for  Children, 
Chelsea;  Examiner  in  the  University  of  Durham  ;  Member  of  the  Conjoint  Examining  Board 
of  the  Royal  College  of  Physicians  (Lond.)  and  of  Surgeons  (Eng.), 

THE   SURGICAL  DISEASES  OP  CHILDREN  AND  THEIR 

Treatment  by  Modern  Methods.    With  Illustrations,  crown  Svo,  los.  6d. 

[Lewis's  Practical  Series]. 


URBAN  PRITGHARD,  m.d.  edin.,  f.r.c.s.  eng. 

Professor  oj  Aural  Surgery  at  King's  College,  London  ;  Aural  Surgeon  to  King's  College  Hospital; 
Senior  Surgeon  to  the  Royal  Ear  Hospital. 

HANDBOOK  OP  DISEASES  OP  THE  EAR  FOR  THE  USE 

of  Students  and  Practitioners.    Fourth  Edition,  with  Illustrations,  crown  Svo. 

[Lewis's  Practical  Series]. 

[In  preparation. 


DR.  THEODOR  PUSGHMANN. 

Public  Professor  in  Ordinary  at  the  University  of  Vienna. 

A  HISTORY  OP  MEDICAL  EDUCATION  PROM  THE  MOST 

Remote  to  the  Most  Recent  Times.  Translated  and  edited  by  Evan  H.  Hare, 
M.A.  OxoN.,  F.R.C.S.  Eng.,  L.S.A.    Demy  Svo,  2is. 


G.  H.  RALFE,  m.a.,  m.d.  cantab.,  f.r.c.p.  lond. 

Assistant  Physician  to  the  London  Hospital;  Examiner  in  Medicine  to  the  University  of 

Durham,  &c.,  &c. 

A  PRACTICAL  TREATISE   ON   DISEASES   OP   THE  KID- 

neys  and  Urinary  Derangements.    With  Illustrations,  crown  Svo,  los.  6d. 

[Lewis's  Practical  Series]. 
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LOUIS  BATHE  RAWLING,  m.b.,  b.c.  (cant.),  f.r.c.s.  (kng.). 

Assistant  Surgeon,  Senior  Demonstratoy  of  Anatomy,  and  Demonstrator  oj  Practical  Surgery,  SI. 
Bartholomew's  Hospital ;  Assistant  Surgeon  to  the  German  Hospital,  Dalston ;  late  Hunteria'i 
I'^ofessor,  Royal  College  of  Surgeons,  England. 

LANDMARKS  AND  SURFACE  MARKINGS  OF  THE  HUMAN 

Body.  Second  Edition,  demy  8vo,  25  plates  (3  in  colour)  5s.  nett. 


F.   R.   COWPER    REED,  m.a.,  f.g.s. 

[See  Cambridge  Geological  Series,  page  6. 


H.  A.  REEVES,  f.r.c.s.  edin. 

Senior  Assistant  Surgeon  and  Teacher  of  Practical  Surgery  at  the  London  Hospital; 
Surgeon  to  the  Royal  Orlhopeedic  Hospital. 

BODILY    DEFORMITIES    AND    THEIR    TREATMENT:  A 

Handbook  of  Practical  Orthopasdics.    With  Illustrations,  crown  8vo,  8s.  6d. 

[Lewis's  Practical  SeriesJ. 


A.  B.  RENDLE,  m.a.  (cantab.),  b.sc.  (lond.). 

[See  Cambridge  Biological  Series,  page  5. 


SIDNEY  H.  REYNOLDS,  m.a. 

[See  Cambridge  Biological  Series,  page  5. 


G.   E.   RICHMOND,  m.d.  (hons.), 

B.sc,  B,S.,  B.A.  (HONS.)  LOND.  ;  D.P.H.  CAMB. 

AN  ESSAY  UPON  DISEASE;  its  cause  and  prevention. 

cr.  8vo,  2S.  nett. 

SAMUEL  RIDEAL,  d.sc.  lond.,  f.i.c,  f.c.s. 

Fellow  of  University  College,  London. 
I. 

PRACTICAL    ORGANIC    CHEMISTRY;    The   Detection  and 

Properties  of  some  of  the  more  important  Organic  Compounds.  Second  edition, 
i2mo,  2s.  6d. 

II. 

PRACTICAL  CHEMISTRY  FOR  MEDICAL  STUDENTS,  re- 
quired at  the  First  Examination  of  the  Conjoint  Examining  Board  in  England. 
Fcap  Bvo,  2S. 

J.  JAMES  RIDGE,  m.d. 
Medical  Officer  of  Health,  Enfield. 
ALCOHOL  AND  PUBLIC  HEALTH.    Second  Edition,  crown  8vo,  2s. 


W.  RIDGEWAY,  m.a.,  &c. 

[See  Cambridge  Biological  Series,  page  5. 
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E.  A.  RIDSDALE. 

Associate  of  the  Royal  School  of  Mines. 

COSMIC  EVOLUTION ;  being  Speculations  on  the  Origin  of  our 

Environment.    Fcap.  8vo,  3s. 


SYDNEY  RINGER,  m.d.,  f.r.s. 

ON  THE   TEMPERATURE   OF   THE   BODY  AS  A  MEANS 

of  Diagnosis  and  Prognosis  in  Phthisis.    Second  Edition,  small  8vo,  2S.  6d. 


FREDERICK  T.  ROBERTS,  m.d.,  b.sc,  f.r.c.p. 

Felloio  of  University  College;  Emeritus  Professor  of  Medicine  and  Clinical  Medicine  at  University 
College;  Consulting  Physician  to  University  College  Hospital;  Consulting  Physician  to  Brompton 

Consumption  Hospital,  &c. 

THE  THEORY  AND  PRACTICE  OF  MEDICINE.    Tenth  Edition, 
with  Illustrations,  2  vols.,  large  8vo,  26s.  netf. 


R.  LAWTON  ROBERTS,  m.d.  lond.,  d.p.h.  camb.,  m.r.c.s.  eng. 

Honorary  Life  Member  of,  and  Lecturer  and  Examiner  to,  the  St.  John  Ambulance  Association  • 

y.P.  for  County  of  Denbigh.  ' 

I. 

ILLUSTRATED  LECTURES  ON  AMBULANCE  WORK. 

Fifth  Edition,  copiously  Illustrated,  crown  8vo,  2S.  6d. 

II. 

ILLUSTRATED  LECTURES  ON  NURSING  AND  HYGIENE. 

Third  Edition,  with  Illustrations,  crown  8vo,  2s.  6d. 


H.  D.  ROLLESTON,  m.d.,  f.r.c.p. 

[See  Cambridge  Biological  Series,  page  5. 


WILLIAM  ROSE,  m.b.,  b.s.  lond.,  f.r.c.s. 
Professor  of  Surgery  in  King's  College,  London,  and  Surgeon  to  King's  College  Hospital. 
HARELIP  AND  CLEFT  PALATE.    With  Illustrations,  demy  8vo,  6s. 
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BERNARD   ROTH,  f.r.c.s. 

Orthopcedic  Surgeon  to  the  Royal  Alexandra  Children's  Hospital,  Brighton,  &c. 

THE  TREATMENT   OF  LATERAL   CURVATURE   OP  THE 

Spine :  with  Appendix  giving  an  Analysis  of  looo  Consecutive  Cases  treated  by 
"  Posture  and  Exercise  "  exclusively  (without  Mechanical  Support).  Second 
edition,  with  Photographic  and  other  Illustrations,  royal  8vo,  los.  6d. 


A.  RUSSELL,  M.A.,  M.i.E.E. 

[See  Cambridge  Physical  Series,  page  6. 


PROF.  E.  RUTHERFORD. 

[See  Cambridge  Physical  Series,  page  6. 


W.  G.  SAVAGE,  B.sc,  m.d.  lond.,  d.p.h. 

Medical  Officer  of  Health  and  Public  Analyst,  Colchester;  late  Lecturer  on  Bacteriology  and 
Public  Health,  University  College,  Cardiff,  &c. 

THE    BACTERIOLOGICAL    EXAMINATION    OP  WATER- 

Supplies.    With  tables  and  illustrations,  post  8vo,  6s.  6d.  iiett. 


JOHN  SAVORY. 

Member  of  the  Society  of  Apothecaries,  London. 

COMPENDIUM  OP  DOMESTIC   MEDICINE  AND  COM- 

panion  to  the  Medicine  Chest:  Intended  as  a  source  of  easy  reference  tor 
Clergymen,  Master  Mariners,  and  Travellers;  and  for  Families  resident  at  a 
distance  from  professional  assistance.    Tenth  Edition,  sm.  Svo,  5s. 


H.  HAROLD  SCOTT,  m.b.  (lond.),  m.r.c.s.,  l.r.c.p.,  &c. 

POST-GRADUATE  CLINICAL  STUDIES  FOR  THE  GENE- 

ral  Practitioner.    Illustrated  with  a  Chart  and  35  Diagrams,  demy  Svo,  bs. 


W.  N.  SHAW,  sc.D.  F.R.S.,  &c. 

[See  Cambridge  Physical  Series,  page  6. 


A.  C.  SEWARD,  M.A.,  F.G.s. 

[See  Cambridge  Biological  Series,  page  5. 


A.  E.  SHIPLEY,  M.A., 

AND 

E.  W.  MACBRIDE,  m.a. 

[See  Cambridge  Biological  Series,  page  5. 


G.  E.  SHUTTLEWORTH,  b.a.,  m.d. 

Formerly  Medical  Examiner  of  Defective  Childjcn,  School  Board  for  L^^^^  iT"'"*" 
dent,  Royal  Albert  Asylum  for  Idiots  and  Imbeciles  of  the  Northern  Countus,  Lancasic, ,  cr<. 

MENTALLY-DEFICIENT  CHILDREN:  THEIR  TREATMENT 
and  Training.    Second  edition,  with  Illustrations,  crown  Svo,  5s.  »ctt. 
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DAVID  SI  ME,  M.D. 
RABIES :   Its  Place  Amongst  Germ  Diseases,  and  its  Origin  in  the 

Animal  Kingdom.    Royal  8vo,  ros.  6d.  nctt. 


W.  J.   SIMPSON,  M.D.  ABERD.,  F.R.C.P.,  &C. 

Professor  of  Hygiene,  King's  College,  London. 

A  TREATISE  ON  PLAGUE;  dealing  with  the  Historical,  Epi- 
demiological, Clinical,  Therapeutic  and  Preventive  Aspects  of  the  Disease. 
With  Maps  and  Illustrations,  i6s.  tiett. 


FRANCIS  W.  SMITH,  m.b.,  b.s. 

THE  SALINE  WATERS  OF  LEAMINGTON.    Second  Edition,  with 
Illustrations,  crown  8vo,  is.  7ictt. 


E.   HUGH   SNELL,  m.d.,  b.sc.  lond. 

Diplomate  in  Public  Health  of  the  University  of  Cambridge ;  Medical  Officer  of  Health  to  the  City 
of  Coventry  ;  late  London  County  Council  Medical  Officer  to  the  Blackmail  Tunnel. 

COMPRESSED   AIR    ILLNESS,   OR   SO-CALLED  CAISSON 

Disease.    With  Illustrations,  demy  8vo,  los.  6d. 


JOHN  KENT  SPENDER,  m.d.  lond. 

Physician  to  the  Royal  Mineral  Water  Hospital,  Bath. 

THE  EARLY"  SYMPTOMS  AND  THE  EARLY  TREATMENT 

of  OSTEO-ARTHRITIS,  commonly  called  Rheumatoid  Arthritis,  with  special 
reference  to  the  Bath  Thermal  Waters.    Sm.  8vo,  2S.  6d. 


LOUIS  STARR,  m.d. 

Physician  to  the  Children's  Hospital,  Philadelphia,  &c. 

HYGIENE  OP  THE  NURSERY.  Including  the  General  Regimen 

and  Feedmg  of  Infants  and  Children  ;  Massage,  and  the  Domestic  Management 
of  the  Ordinary  Emergencies  of  Early  Life.  Seventh  Edition,  with  Illustrations, 
crown  8vo,  3  s.  6d. 


JOHN  LINDSAY  STEVEN,  m.d. 

Assistant  Physician  and  Pathologist,  Glasgow  Royal  Infirmary  ;  Physician  for  Out-patients 
Royal  Hospital  for  Sick  Children,  Glasgow,  &c.  ' 

THE   PATHOLOGY    OP    MEDIASTINAL    TUMOURS.  With 
special  reference  to  Diagnosis.    With  Plates,  8vo,  45.  6d. 


HACKWORTH    STUART,  m.d.  lond.,  t.r.c.s.e.,  d.p.h.  camb., 
Medical  Officer  to  the  Hanley  Education  Committee;  Medical  Officer  to  the  Staffordshire  Industrial 

Sclwot,  Wcrniigton. 

THE  DOCTOR  IN  THE  SCHOOLS.   Being  Notes  on  the  Medical 

Inspection  of  Public  Elementary  School  Children  under  the  Education  (Adminis 
trative  Provisions)  Act,  1907,  crown  8vo,  is.  iictt. 
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JUKES  DE  STYRAP,  m.r.c.p.i.,  etc. 

Physician-Extraordinary,  lale  Physician  in  Ordinary,  to  the  Salop  Infirmary;  Consulting  Physician 
to  the  South  Salop  and  Montgomeryshire  Infirmaries,  etc. 

I. 

THE  YOUNG  PRACTITIONER:  WITH  PRACTICAL  HINTS 

and  Instructive  Suggestions,  as  Subsidiary  Aids,  for  his  Guidance  on  Entering 
into  Private  Practice.    Demy  8vo,  ys.  6d.  neit. 

II. 

A  CODE  OF  MEDICAL  ETHICS:    WITH    GENERAL  AND 

Special  Rules  for  the  Guidance  of  the  Faculty  and  the  Public  in  the  Complex 
Relations  of  Professional  Life.    Fourth  Edition,  demy  8vo,  3s.  6d.  nett. 

III. 

MEDICO-CHIRURGICAL  TARIFFS,     Fifth  Edition,  revised  and  en- 
larged,  fcap.  4to,  2S.  nett. 

IV. 

THE   YOUNG   PRACTITIONER:   HIS  CODE  AND  TARIFF. 

Being  the  above  three  works  in  one  volume.     Demy  8vo,  los.  6d.  nett. 


3.  BLAND-SUTTON,  f.r.c.s. 

Surgeon  to,  and  Lecturer  on  Surgery  at,  the  Middlesex  Hospital;  Examiner  in  Anatomy  for  the 
Fellowship  to  the  Royal  College  oj  Surgeons,  England. 

LIGAMENTS:  THEIR  NATURE  AND  MORPHOLOGY. 

Third  Edition,  with  numerous  Illustrations,  post  8vo,  4s.  6d. 


SIR  HENRY  R.  SWANZY,  a.m.,  M.v>.{Causa  hon.),  pres.r.c.s.i. 

Surgeon  to  the  Royal  Victoria  Eye  and  Ear  Hospital,  and  Ophthalmic  Siirgeon  to  the  A  delaide 
Hospital,  Dublin ;  Ex-President  of  the  Ophthalmological  Society  of  the  United  Ktngdom. 

AND 

LOUIS  WERNER,  f.r.c.s.i.,  m.b.,  b.ch.  dub. 

Ophthalmic  Surgeon,  Mater  Miser  Hospital.  Dublin  ;  Examiner  in  Ophthalmology, 

University  of  Dublin,  &c. 

HANDBOOK  OF   THE  DISEASES   OF    THE    EYE  AND 

their  Treatment.  Ninth  Edition,  with  227  illustrations,  colour  tests,  He.. 
small  8vo,  12s.  6d.  t^'""'  ''"'^y- 


ALBERT  TAYLOR. 

Member  Royal  Sanitary  Institute ;  lale  Demonstrator  to  the         "'^,<'/'''^- i^'TcUrgc"''''''^' 
Inspector,  City  of  Westminster;  Late  Chief  Sanitary  Inspector  to  the  Vesli)  of  St.  ueo/ge, 

Hanover  Square,  &c. 

THE  SANITARY    INSPECTOR'S    HANDBOOK.    Fourth  Edition, 
with  Illustrations,  crown  8vo,  6s. 
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H.  COUPLAND  TAYLOR,  m.d. 

Fellow  of  the  Royal  Meteorological  Society. 

WANDERINGS   IN   SEARCH  OF  HEALTH,  OR  MEDICAL 

and  Meteorological  Notes  on  Various  Foreign  Health  Resorts.  With  Illustra- 
tions, crown  8vo,  6s. 


JOHN    W.  TAYLOR,  f.r.c.s.  eng. 

Professor  of  Gyncecology  in  the  U niversity  of  Birmingham ;  Senior  In-patient  Surgeon  to  the  Birmingham 
and  Midland  Hospital  for  Women  ;  Consulting  Surgeon  to  the  Wolverhampton  Hospital  for  Women  ; 
Consulting  Gyncecological  Surgeon  to  the  Birmingham  Skin  and  Lock  Hospital,  &c. 

EXTRA-UTERINE   PREGNANCY.    A  Clinical  and  Operative 

Study.    With  Illustrations,  demy  8vo,  7s.  6d 


J.    J.    THOMSON,   D.SC,  LL.D.,  F.R.S. 

[See  Cambridge  Physical  Series,  page  6. 


HERBERT    TILLEY,  b.s.  lond.,  f.r.c.s.  eng. 

Surgeon  to  the  Ear  and  Throat  Department,  University  College  Hospital;  Teacher  0/  Laryngology  and 

Otology,  University  of  London. 

I. 

DISEASES  OP  THE  NOSE  AND  THROAT, 

Thoionghly  revised,  with  126  Illustrations,  including  24  Plates  (3  coloured). 
Being  the  third  edition  of  Hall  and  Tilley's  Diseases  of  the  Nose  and  Throat. 
Demy  8vo,  14s.  n«ii.  [Lewis's  Practical  Series]. 

[^ust  published. 

II. 

PURULENT  NASAL  DISCHARGES,  their  Diagnosis  and  Treat- 
ment.   Second  Edition,  with  Illustrations,  crown  8vo,  4s.  nett. 


M.  TUCHMANN,  m.r.c.s.  eng.,  m.d.  wurzburg. 

Formerly  Surgeon  to  0 tit- Patients,  German  Hospital,  Dalston. 

THE  EXPLORATION  OP  THE  URETHRA  AND  BLADDER 

With  26  Illustrations,  demy  8vo,  5s. 


A.  DUNBAR  WALKER,  m.d.,  cm. 
THE   PARENT'S    MEDICAL    NOTE    BOOK.     Oblong   post  Svo 

cloth,  IS.  6d.  or. 


E.  W.  AINLEY  WALKER,  m.a.,  d.m.  (oxon.). 

Fellow  and  Praelector  of  University  College,  Oxford;  Late  Gordon  Lecturer  in  Experimental  Patlwlo^v 
at  Guy's  Hospital;  formerly  Radcliffc  Travelling  Fellow  in  the  University  of  o"fo,t&c^^^^^ 

THE   GENERAL  PATHOLOGY  OF   INFLAMMATION.  IN- 

fection,  and  Fever,  being  the  Gordon  Lectures  for  1902.    Crown  Svo,  4s.  6d.  nett. 
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HUGH  WALSHAM,  M.A.,  M.D.  CANTAB.  ~ 

Fellow  of  the  Royal  College  of  Physicians:  Assistant  Physician  in  the  Electrical  Department  of 
St.  Bartholomew's  Hospital ;  Physician  to  the  City  of  London 
Hospital  for  Diseases  of  the  Chest. 
AND 

GEORGE  HARRISON  ORTON,  m.a.,  m.d.  cantab. 

Assistant  in  the  Rbntgen  Ray  Department  of  St.  Bartholomew's  Hospital;  Medical  Officer  in  charge  of 
the  X-Ray  Department  of  the  National  Hospital  for  Diseases  of  the  Heart,  and  the 
Cheyve  Hospital  for  Sick  Children. 

THE  RONTGEN  HAYS  IN  THE  DIAGNOSIS  OP  DISEASES 

of  the  Chest.  With  i8  specially  prepared  plates  from  selected  negatives,  and 
other  illustrations,  demy  8vo,  6s.  nett. 


H.   MARSHALL    WARD,  sc.d.,  f.r.s. 

[See  Cambridge  Biological  Series,  page  5. 


G.     S.    WEST,  M.A.,  ETC. 

[See  Cambridge  Biological  Series,  page  5. 


W.  WYNN  WESTGOTT,  m.b. 
H.M.'s  Coroner  for  North-East  London. 

StriCIDE ;   its  History,  Literature,  Jurisprudence,  and  Preven- 
tion.   Crown  8vo,  6s. 


FRANK  J.  WETHERED,  m.d. 

Medical  Registrar  to  the  Middlesex  Hospital,  and  Demonstrator  of  Practical  Medicine  in  the  Middlesex 
Hospital  Medical  School ;    late  Assistant  Physician  to  the  City  of  London  Chest  Hospital, 

Victoria  Park. 

MEDICAL  MICROSCOPY.    A  Guide  to  the  Use  of  tlie  Micro- 
scope in  Medical  Practice.    With  Illustrations,  crown  8vo,  gs. 

[Lewis's  Practical  Series]. 


W.  C.  D.  WHETHAM,  m.a. 

[See  Cambridge  Physical  Series,  page  6. 


R.  PROSSER  WHITE,  m.d.  edin.,  m.r.c.s.  eng. 

Life  Vice-President  and  Honorary  Medical  Officer,  Royal  Albert  Edu'ard  Infirmary,  Wigan. 

CATARRHAL  PEVERS,  COMMONLY  CALLED  COLDS:  Their 

Causes,  Consequences,  Control,  and  Cure.    With  3  plates,  extra  demy  Svo,  4s. 


L.  R.  WILBERFORCE,  m.a. 

AND 

T.  C.  FITZPATRICK,  m.a. 

Demonstrators  at  the  Cavendish  Laboratory,  Cambridge. 

LABORATORY   NOTE-BOOK  OP  ELEMENTARY  PRAC- 

tical  Physics.  I.  Mechanics  and  Hydrostatics.  II.  Heat  and  Optics. 
III.  Magnetism  and  Electricity.    Quarto,  paper  covers,  is.  each. 
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SIR  JOHN  WILLIAMS,  BART.,  m.d.,  f.r.c.p. 

Consulting  Physician  to  University  College  Hospital;  Physician  Accoucheur  to  H.R.H. 

Princess  Beatrice,  &c. 

CANCER  OF  THE  UTERUS:   Being  the  Harveian  Lectures  for 

i8S6.    Illustrated  with  Lithographic  Plates,  royal  8vo,  los.  6d. 


W.    WILLIAMS,    M.A.,    M.D.,    D.P.H.  (OXON.). 

Medical  Officer  of  Health  to  the  Glamorgan  County  Council ;  Lecturer  in  Public  Health  to  the 
University  College  of  South  Wales  and  Monmouthshire,  Cardiff;  Examiner  in 
State  Medicine  to  the  University  of  London,  &c. 

DEATHS  IN  CHILDBED :   A  Preventable  Mortality,  being  the 
Milroy  Lectures  for  1904.    Demy  8vo,  2s.  6d.  nett. 


J.   C.  WILLIS,  M.A. 

[See  Cambridge  Biological  Series,  page  5. 


E.   T.    WILSON,  M.B.  OXON.,  f.r.c.p.  lond. 

Physician  to  the  Cheltenham  General  Hospital ;  Associate  Metropolitan  Association  of  Medical 

Officers  of  Health. 

DISINFECTANTS  AND  ANTISEPTICS:  HOW  TO  USE  THEM. 

40th  Thousand.    In  Packets  of  one  doz.  price  is.,  by  post  is.  id. 

{Thoroughly  revised. 


BERTRAM  C.  A.  WINDLE,  f.r.s.,  sc.d.,  m.d.,  m.a.  duel. 

President,  Queen's  College,  Cork:   Examiner  in  Anatomy,  Royal  College  of  Physicians,  London- 
formerly  Professor  of  A  natomv  in  the  U niversity  of  Birmingham ;  sometime  Examiner  in  A  natomy  ' 
m  the  Universities  of  Cambridge,  Aberdeen,  and  Durham. 

A  HANDBOOK  OF  SURFACE  ANATOMY  AND  LANDMARKS. 

Third  Edition,  Illustrated  with  plain  and  coloured  figures,  post  8vo,  4s.  iiett. 


EDWARD  WOAKES,  m.d.  lond. 

Senior  Aural  Surgeon,  London  Hospital;  Lecturer  on  Diseases  of  the  Ear,  London  Hospital  Medical 

College. 

ON  DEAFNESS,  GIDDINESS  AND  NOISES  IN  THE  HEAD 

Fourth  Edition,  Part  i.,  with  Illustrations,  8vo,  los.  6d. 


HENRY  WOODS,  b.a.,  f.g.s. 

[See  Cambridge  Biological  Series,  page  5. 


A.  S.  WOODWARD,  m.a. 

[See  Cambridge  Biological  Series,  page  5. 


JOHN  WYLLIE,  m.d.  Glasgow. 
TUMOURS  OF  THE  CEREBELLUM. 

Post  8vo,  w.th  illustrations,  4s.  ncU.  published. 
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LEWIS'S  CHARTS. 

For  use  In  Hospitals  and  Private  Practice, 
Lewis's  Diet  Charts. 

Price  5s.  per  packet  of  loo  charts  (assorted)  post  free. 

Asuggestivesetof  DietTablesfortheuseofPhvsicians  fnrh^n^-  . 
modified  to  suit  individual  requirements   for  Lbum  nnri,    4       '"^ '°  P^'"^"'^  3f'"„..„„,,„^^ 

Diabetes,  Diarrhcea    Dyspepsia',  Eczema '  Fevers  GaU  S  ^nefcoit  an"H  ^'^''''i'y.^Constipat.'o 

(chronic,.  Nervous  Diseases,  Obesity,  Phthisis,  Rheumatlr  Tchr'^on^cV  \"n^d  ^S' C^^^t^fo^'^t^, 

7B.  6l;^e:1i;^o?fs.Tr'doSn;  pMt^eT^^"'^"'  """^^^^  ^«  pric 

Lewis's  Hsematological  Chart. 

A  new  Chart  designed  for  use  in  Clinical  Research,  by  E.  R  Turtov  M  r 
50.  per  xooo,  38s.  per  500.  Z5S.  per  .50,  7s.  per  loi,  ^r      per  L^n!  carrlag 

Tlie  folloioing  six  charts  are  uniform  in  jmce :  

258.  per  lOOO,  148.  per  500,  3s.  6d.  per  loO,  2s.  per  SO,  Is.  per  20 

ceirriage  free.  ' 

Lewis's  Blood  Pressure  and  Pxilse  Chart. 
Lewis's  Pour- Hour  Temperature  Chart. 

This  form  has  been  drawn  up  to  meet  the  reouirements  of  a  chart  nn  ,„i,:„i,  .u  ^ 
other  observations  can  be  recorded  at  intervales  ofTour  hours     It  w°M  be  found  mn'^r'^'"'' ■"'l 
in  hospital  and  private  practice.    Each  chart  will  last  a  week  conveniet 

Lewis's  Handy  Temperature  Chart. 

Arranged  for  three  weeks,  and  specially  ruled  on  back  for  recording  observations  on  Urine. 

Lewis's  Nursing  Chart. 

Prinled' 0^ bo'th  ^sMes'  ^  ''^''^^  method  of  recording  the  progress  of  the  case  from  day  to  da 
*,*  Boards  to  hold  any  of  the  above  Charts,  price  is. 

Lewis's  Small  Four-Hour  Temperature  Chart. 

Designed  by  G.  C.  Coles,  M.R.C.S.    Each  chart  lasts  two  weeks,  and  give 
space  for  noting  Pulse,  Respiration  and  Urine,  and  Remarks. 

Lewis's  Morning  and  Evening  Temperature  Chart. 

Designed  by  G.  C.  Coles,  M.R.C.S.    Each  chart  lasts  three  weeks,  and  provide 
space  for  noting  also  the  Pulse,  Respiration  and  Urine,  and  General  Remarks. 


Clinical  Chart  for  Temperature  Observations,  etc. 

Arranged  by  W.  Rigden,  M.R.C.S.  50s.  per  1000,  28s.  per  500,  15s.  per  25c 
7s.  per  100,  or  is.  per  dozen,  carnage  free. 

Each  Chart  is  arranged  for  four  weeks,  and  is  ruled  at  the  back  for  making  notes  of  Cases.  The 
are  convenient  in  size,  and  are  suitable  both  for  hospital  and  private  practice. 

Chart  for  Recording  the  Examination  of  Urine. 

40s.  per  1000  ;  25s.  per  500  ;  15s.  per  250 ;  7s.  6d.  per  100  ;  is.  per  10. 

.  ThiS.GhartHS  designed  for  the  use  of  Medical  Men,  Analysts,  and  others  making  examinatior 
of  the  Urine  of  patients  and  affords  a  very  ready  and  convenient  method  of  recording  the  results  of  th 
examination. 

Boards  for  holding  either  of  the  above  charts,  is.  6d. 

Lewis's  Clinical  Chart,  specially  designed  for  use  with  the  Visitinj 

List.  This  Temperature  Chart  is  arranged  for  four  weeks  and  measures  6  x 
inches.    203.  per  1000,  iis.  6d.  per  500,  2s.  6d.  per  100,  6d.  per  dozen,  post  free. 
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